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Tractor Meeting in December 


OTEL SHERMAN in Chicago will on Dec. 1, 2 and 

3 be the locale of the Tractor Meeting that will be 
held by the Society in cooperation with the American 
Society of Agricultural Engineers. The latter Society 
will provide the program for the first 2 days, whereas 
Dec. 3 will be S. A. E. day. 

Chairman O. W. Sjogren and his committee have pro- 
vided a number of very interesting addresses that are 
mentioned in greater detail on p. 437 of this issue of 
THE JOURNAL. 


The Big Boston Meeting 


N Boston the stage is set for the Transportation and 

Service Meeting that promises to establish a new 
record. On Nov. 16, 17 and 18, automotive transporta- 
tion men will gather at the Copley-Plaza Hotel to ex- 
change uptodate information marking progress in this 
field that is developing so rapidly. 

Chairman J. F. Winchester and his committee have 
issued a cordial invitation to all who are genuinely 
interested in automotive transportation problems to join 
with the Society members in making this event a tre- 
mendous success. 

The final schedule for the meeting, together with a 
mass of interesting details, will be found on p. 436 of 
this issue of THE JOURNAL. 


Heywood Succeeds Warner 


HARLES E. HEYWOOD has become Manager of 
the Meetings and Sections Department of the So- 
ciety, in succession to John Warner. 

Mr. Heywood is a graduate of Worcester Polytechnic 
Institute. He first became a member of the Society 
office staff in 1917, doing publication-department work. 
In 1919 he undertook secretarial and technical work in 
the Standards Department in connection with the Stand- 
ards Committee activities. He knows well much of the 
history of the Society’s proceedings, as a result of gen- 
eral studies and detailed analyses he has made. He has 
been an assiduous student of not only the many phases 
of the Standards work but also of other phases and con- 
ditions of importance in the Society’s welfare. He has 


assisted faithfully and effectively in conducting National 
Meetings. 
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The members are assured of Mr. Heywood’s best ef- 
forts in his new position. He welcomes suggestions for 
improving the interest and increasing the value of the 
Society meetings and in enhancing the growth and suc- 
cess and the satisfactory maintenance of the Sections. 


The Sections Committee 


ACH Section has a part in choosing the Sections 

Committee. The Society’s Constitution provides 
that this Committee shall consist of one member of the 
Society to be elected from and by each Section of the 
Society each year prior to the Annual Meeting of the 
Society, and three members of the Society who shall be 
appointed by the President within 30 days after he takes 
office. 

Since a new Sections Committee will begin to function 
at the opening of the Society’s administrative year, start- 
ing at the close of the Annual Meeting in January, the 
Sections are urged to elect their respective representa- 
tives at their November meeting, if possible. The New 
York City office should be informed promptly with re- 
gard to the representatives selected. 


Important Events in January 


N the near future, announcement will be made con- 

cerning the Annual Dinner that will take place at 
Hotel Astor in New York City on Jan. 13, 1927, and the 
Annual Meeting that is scheduled to be held at General 
Motors Building in Detroit, Jan. 25 to 28, inclusive. 

At this time it may be stated that Chairman Hill and 
the Meetings Committee, as well as H. O. K. Meister, 
chairman of the Annual Dinner Committee, are making 
progress in the preparation of plans that will assure real 
success for these two important gatherings. 

There is still opportunity for those who desire to do 
so to submit proposals for papers suitable for presenta- 
tion at the Annual Meeting. However, the program is 
already assuming very definite shape, and it is urged 


that such proposals be transmitted to headquarters at 
once. 


Part I, 1925 Transactions 


OPIES of Part I, of Vol. 20 of the TRANSACTIONS, 
governing the first half of 1925, were mailed during 
the last week of October to the members who placed 
orders. This volume consists of 568 pp. and contains 
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papers presented at the 1925 Annual, Tractor and Service 
Meetings of the Society; others presented at Section 
Meetings; and contributed articles that were published 
in THE JOURNAL from January to June, 1925, inclusive, 
or 27 articles in all. 

Members who placed orders for copies of this part 
of the TRANSACTIONS and failed to receive them should 
notify the headquarters of the Society so that the miss- 
ing copies can be traced. Although the size of the edition 
was based on the orders received from the members, a 
few copies are available for members who have not al- 
ready placed their orders. The price is $2 per copy. 


Seciety Sponsor for Gage Committee 


OLLOWING a preliminary conference last spring 

to consider the advisability of formulating a stand- 
ard for gaging wires and metal sheets, in view of the 
30 or more systems in use now, the Society was requested 
by the American Engineering Standards Committee to 
accept joint sponsorship with the American Society of 
Mechanical Engineers for such a project and to organize 
a Sectional Committee. The scope of the work as out- 
lined at present is: 

The standardizing of a method of designating the 
diameter of metal and metal-alloy wire, the thickness 
of metals and metal alloys in sheet, plate and strip 
form and the wall thickness of tubing, piping and 
casing made of these materials; and the establishing 
of a standard series, or a number of standard series, 
of nominal sizes and of tolerances for wires, sheets. 
plates and strips. 

The Council of the Society at its meeting on Sept. 24 
voted to accept such sponsorship and the Sectional Com- 
mittee will accordingly be organized in cooperation with 
the American Society of Mechanical Engineers. 
Production Division Activities 

T the joint meeting in Chicago of the Production 

Division of the Standards Committee and the re- 
cently organized S.A.E. Production Advisory Committee, 
it was decided to organize three Subdivisions of the Divi- 
sion, each to be assigned one of the subjects referred to 
the Division. Some study has already been made of the 
shapes, sizes and grades of grinding wheels used in 
the automotive industries and it is hoped that a definite 
recommended practice can be formulated which will de- 
crease the variety of stocks now carried. The second 
subject is standardized data sheets for machine-tool 
dimensions which can be made generally available to 
machine-tool purchasers, giving them details as to the 
floor space, power connections and other data necessary 
for plant installation. The Division will give due con- 
sideration to the present practice of machine-tool 
builders in furnishing such data and will solicit the 
cooperation of the National Machine Tool Builders As- 
sociation in drafting its recommendations. The third 
subject is the preparation of standard shop job speci- 
fication cards for various machine-tool operations, such 
as boring, drilling, milling, and planing. Such specifica- 
tions are already in use in some plants and members of 
the Division felt that a recommended practice that can 
be generally followed will be of material value. The 
report of the Chicago meeting of the Division is printed 
on p. 333 of the October issue of THE JOURNAL. 
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Warner Joins Studebaker 


HE great loss to the Society of John Warner ag 

the Manager of its Meetings and Sections Depart. 
ment should be lightened somewhat at least in the minds 
of the members in view of the fact that he is now serving 
the Studebaker Corporation of America in a capacity 
that is important and much to his liking. 

Mr. Warner has moved his family to South Bend, 
where, with his usual perspicacity, he has as his next- 
door neighbor the Mayor of that metropolis. He will 
be one of the main pillars of the Research Department 
of the Studebaker organization. 

As a member of the Society office staff Mr. Warner 
did admirable work. At the close of the 1925 Annual 
Meeting he took charge of the National Meetings and 
home-office Sections work, in succession to L. Clayton 
Hill. He showed much constructive ability in the plan- 
ning and conducting of meetings, injecting many highly 
appreciated novel features into them. This was a dem- 
onstration of marked versatility, inasmuch as in earlier 
work for the Society Mr. Warner had maintained as well 
as added to the value of its Research Department. His 
fine affability always continued without break and his 
effectiveness in cooperation was 100 per cent. 

Mr. Warner is a graduate mechanical engineer of 
Worcester Polytechnic Institute. He was formerly en- 
gaged in sales and engineering work on lubrication 
problems and was also associate physicist at the Bureau 
of Standards, where he was chief of the aeronautic 
instruments section. 


T-Slots Report Submitted 


HE report of Subcommittee No. 1, T-Slots, Their 

Bolts, Nuts and Cutters, formulated for the Sectional 
Committee on the Standardization of Small Tools and 
Machine-Tool Elements, has been submitted for approval 
by the Society as one of the sponsors of the work of the 
Committee. The other sponsors are the American So- 
ciety of Mechanical Engineers and the National Machine 
Tool Builders Association, to which the report has also 
Seen submitted. The Sectional Committee was organized 
and is working under the procedure of the American En- 
gineering Standards Committee, of which the Society is 
a member body. Other reports of the Committee will 
be submitted to the Society as they are completed. In 
this connection regular S.A.E. Standards Committee 
procedure will be followed; that is, the reports will be 
referred to the Production Division for recommendations 
as to approval by the Standards Committee, the Council 
and Society at the same time that regular S.A.E. 
Standards recommendations are acted on. Following 
such approval, and the approval of the other sponsor 
bodies, the reports will be passed upon by the American 
Engineering Standards Committee as American Stand- 
ards or tentative American Standards. The report on 
T-Slots has been referred to the Production Division 
for disposition at the Society’s Annual Meeting next 
January. The substance of the report will probably be 
published in the December, 1926, or January, 1927, issue 
of THE JOURNAL. Meantime a limited supply of copies 
in the form of page proofs is available for those inter- 
ested. These can be obtained through the Society’s 
Standards Department. 
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AUTOMOTIVE RESEARCH 


The Society’s activities as well as 
research matters of general inter- 
est are presented in this section 











CONTACT-ACCELEROMETER GAP- 
CLEARANCE 





Mathematical Analysis of Effect of Gap-Clearance in 
Using Lower Contact 


As contact accelerometers were originally designed for ver- 
tical motion it was intended to use the upper contact, making 
full use of the sensitiveness of this contact. However, this 
very excellence proves to be a detriment and a source of 
error in the measurement of comparatively large movements. 
Among other schemes, the use of the lower contact has been 
suggested as a means for overcoming interference from 
vibrations of high frequency and small amplitude. While it 
has been recognized that this use of the lower contact intro- 
duces a certain error, it has been generally assumed that this 
effect on the accuracy of the results is negligible. Actual ex- 
perience with such instruments, however, indicates that the 
error may be of some consequence. All who have occasion to 
use contact accelerometers will therefore be interested in the 
analysis of the effect of gap-clearance in contact accel- 
erometers, which is printed below and for which we are in- 
debted to Dr. Benjamin Liebowitz, whose work in connection 
with studies of riding-qualities is well known. 


VIBRATION 


In its broadest sense, vibration may be defined as a disturb- 
ance from stable equilibrium. To the automotive engineer, 
the term signifies all movements of a vehicle or its parts 
except those translations and rotations that are kinematically 
necessary for motion from one place to another. 

The importance of vibration to the engineer lies first in 
its effect on the structure, and, second, in its effects on 
riding-qualities; almost every kinematically unnecessary mo- 
tion conveys to the passenger some sense of discomfort. With 
growing sophistication, the motoring public has become more 
conscious of discomfort. 

In practice, vibrations are not simple harmonic; for ex- 
ample, the result of meeting a chuck-hole. Nevertheless, any 
disturbance, however irregular, may be regarded as a com- 
bination or superposition of simple harmonic motions. called 
a Fourier’s series; so we are justified in using broadly the 
terms amplitude and frequency, with the understanding that 
they apply to the individual terms of such a series. 

But what particular aspect of vibration causes discomfort? 
Amplitude, frequency, acceleration, or rate of change of ac- 
celeration? There has been much discussion on this point, 
from time to time, and some much-needed investigations have 
been undertaken. In general, however, acceleration is recog- 
nized as of fundamental importance in the riding-qualities 
question; and the full significance of the problem of measur- 
ing acceleration is now also recognized. 


THE CONTACT ACCELEROMETER 


Several methods for measuring acceleration have been de- 
veloped, but of these the contact accelerometer, originally in- 
vented in France in 1913, is the most promising, because it 
offers a relatively simple means for measuring acceleration 
directly. As in all new developments, certain difficulties have 
appeared in the use of contact accelerometers that are being 
investigated at this time. This discussion aims to throw light 





1See Journal of the Franklin Institute, August, 1919, p. 237. 
2See THE JOURNAL, June, 1926, p. 593. 
5See THe JouRNAL, March, 1926, p. 248. 


433 


on some of the errors that have appeared in the use of this 
type of instrument. 

Contact accelerometers have been designed in this Country 
by Zahm’, Brown’, Dickinson’ and Liebowitz’. All depend upon 
the same fundamental principle, which is illustrated diagram- 
matically in Fig. 1, where an adjustable “single cell” is shown. 


Upper Contact 






lower 
Contact 
Guide -.....| -Guide 
Weight or 
Inertia 
Element 
--Calibrated 
Spring 
Sprin 


-~ Adjustment 


Fic. 1—SCHEMATIC DIAGRAM OF A SINGLE-CELL AD- 
JUSTABLE-CONTACT ACCELEROMETER 


A contact accelerometer consists of a weight or inertia ele- 
ment constrained to move in one path, up-and-down in the 
illustration; and a calibrated spring which presses the weight 
against a stop, designated as the upper contact in the draw- 
ing. The movement of the weight downward is limited by an- 
other stop, which is designated as the lower contact. The 
terms upper and lower contact are used because, for con- 
venience, we are considering the accelerometer as being used 
vertically; it should be emphasized, however, that these instru- 
ments are equally useful for investigating horizontal vibra- 
tions. The travel necessary to close the lower contact is called 
the gap 

When the accelerometer is at rest, the spring supports 
the weight w, and the excess of the spring force F over 
w represents the pressure P against the upper stop. Mathe- 
matically, this is expressed as 

P=F—w=F—wm (1) 
where m is the mass of the inertia element. Now, if the 
system is moved upward with an acceleration a, the apparent 
weight of the inertia element is increased by ma, and the 
pressure P against the upper stop is therefore reducd to 

P, = F —mg — ma (2) 
If the spring is adjusted so that pressure P, just be- 
comes zero, we have 
F —mg — ma =o 
or 
a = (F —mg)/m (3) 

Since P denotes the pressure against the upper contact 
with the system at rest, then, from equations (1) and (3) 
we have 

a=P/m (4) 
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Equation (4) applies for horizontal as well as vertical 
positions. 

Contact accelerometers are then seen to be very simple 
both in principle and in structure. 


CHARACTERISTICS OF CONTACT ACCELEROMETERS 


Equation (4) gives the value of impressed acceleration 
which just reduces the contact pressure to zero when the 
static contact pressure is P and the inertia element has a 
mass, m. In practice, of course, the contact must actually 
be broken, unless the contacts are dirty and act like a 
microphone, so that the instrument must be set for an 
acceleration somewhat lower than that indicated by (4). 
Hereafter, we shall distinguish between the impressed accel- 
eration ai and the acceleration as for which the instrument is 
set. The value of as is given by (4). The excess of ai 
over as we shall designate by Aa, that is 


Aa = ai —asz (5) 


It is important to note that Aa is the acceleration of the 
weight relative to the contacts, assuming, of course, that fric- 
tion is negligible. 

Using a good, clean, rigid upper-contact, the movement of 
the inertia element necessary to operate the contact is so 
small that, for all practical purposes, ai and as may be con- 
sidered identical and Aa may be considered zero. The in- 
strument is then very sensitive and will pick up slight 
tremors. It will measure the acceleration of these tremors 
correctly, if the instrument is designed for the purpose. The 
fundamental design criterion for all contact accelerometers 
is that the longest natural period of the spring or any other 
part shall be short compared with the periods of the vibra- 
tions being measured. This does not mean that the period of 
the weight-and-spring combination itself must be very short, 
but it does mean that the instrument and all its parts must 
be free from the tremors of similar frequency to the tremors 
or vibrations under test. 

The sensitiveness of contact accelerometers using rigid 
upper-contact is an excellent asset, and makes the instru- 
ment useful in a wide range of work, measuring engine 
vibration or building vibration. 

On the other hand, this very sensitiveness interposes a 
difficulty in certain other applications, as in the measurement 
of road shocks. For tremors are always present, and are 
parasitic from the standpoint of measuring larger distub- 
ances. In general, these small-amplitude vibrations cause 
the instrument to read too high, and the error thus intro- 
duced may be considerable. 


UsE OF LOWER CONTACTS 


It is this circumstance that has led to the use of lower 
contacts, which require a relatively large movement of the 
inertia element to operate and which therefore do not re- 
spond to these small-amplitude tremors. 

In practice, the increased motion thereby introduced has 
usually amounted to only a few thousandths of an inch, and 
it has been assumed that the effect thereof on the accuracy 
of the instrument is negligible. As it turns out, however, the 
error thus introduced may become very important. In the 
appended analysis, a formula for this error is derived, 
namely, 

(am — as) /Qm = E = 2/3 V (¢c/2 A) 
where 
2A =the stroke or the double amplitude of the as- 
sumed simple harmonic vibration 

dm = the maximum impressed acceleration or the accel- 

eration sought 


a@s =the indicated acceleration or the acceleration 
for which the instrument is set 

c = the gap clearance or the distance through which 
the weight must move to operate the indicating 
contacts 

E = the relative error 


As an example, if the gap is 0.002 in. and the stroke is 
0.100 in., the gap error is almost 10 per cent. Again, it 


————=» 


turns out that if the gap error is to be kept within 2.0 per 
cent, the gap must be less than 0.1 per cent of the stroke. 

It is obvious that for small movements, rigid upper- 
contacts must be resorted to in order to avoid serious gap- 
error. If there remain parasitic tremors, they may be elimi- 
nated by shielding the accelerometer in one way or another, 

The above formula applies to those accelerometers whose 
inertia elements move in rectilinear paths, so that there is 
no rotation of the weight when it moves, and so that the 
gap clearance c represents the actual movement of the 
weight. For a pivoted inertia element, however, a modified 
formula applies: 


E—2/3V (Ci(1+ [R’7/r])/2A] 


where 
C, = the movement of the center of gravity necessary 
to operate the contacts 
R= the radius of gyration of the weight about its 
center of gravity 
r =the distance 


from the pivot center to center of 
gravity 


It should be emphasized that these formulas give the theo- 
retical gap-error only and do not take into consideration 
other sources of error, such as contact bounce and the like. 
Where other sources of error are small, and the stroke is 
known, the formula may be used to correct for the gap error. 
Experimental work is under way to make further tests on 
the accuracy of contact accelerometers, and to obtain, if pos- 
sible, an experimental check on the formulas given above. 


DERIVATION OF THE GAP-ERROR FORMULA 


As pointed out above, the acceleration of the inertia ele- 
ment relative to the contacts is given by Equation (5) as 
Aa = ai—das. Now, as, which is given by Equation (4) as 
as = P/m= (F —mg)/m does not remain constant when 
the weight moves appreciably because F’, the force exerted 
by the spring, increases as the weight deflects. However, if 
the spring is not too stiff, and the gap clearance c is not too 
large, we may regard as as constant for analytical purposes. 

We assume that the vibration is simple-harmonic and is 
given by 

y —=—A cos pt 
where 
A =the amplitude 
p — the frequency speed or 27 times the frequency 
Then 
ai = p’A cos pt = @y/dt’ (6) 
Up to about 2/3 radian on either side of pt = 0, we may 
represent, within 1 per cent, cos pt by 1— %(pt)*. This 
fully covers the range of this analysis. Hence, we will use 
the approximation. 
ai = pA [1— %& (pt)’] (7) 

The motion of the weight does not begin until ai = as, or 

until 
ppA—[p’A X &% (pt)*] —as = 0 (8) 

Now p’A is the maximum value of ai, and we shall denote 

it hereafter by am. Hence (8) becomes 


adm — Qs = % am (pt)? (9) 
Now adm — az is the maximum difference Aa, and we shall 
put 
am — as = A Gm (10) 
also 
(am —_— as) /am = A Gm/Qm = E (11) 
where E represents the relative error. 
Hence from Equation (9) % (pt)* = E and therefore 
t=to = + V(2E)/p (12) 


From this value of t on, the motion of the weight relative 
to its stops is given by . 
Aa= @y/dt? = am — as — & am (pt)? 
or 
dy /dt? = A adnm— % p’amt? 
and by integration 
dy/dt — A amt — |] '6 (p*?amt*) + C 


(13) 


(14) 


YY enw wy 


4) 


The constants ¢: and c: are determined from the initial 
conditions 
y = 0 and dy/dt = 0 (16) 
when 
t = to =~ — V(2E)/p 
From Equations (14) and (16) we get 
—/A adm V (2E)/p + [1/6 (p*am) V (2E)*/p*] + a = 0 
Using Equation (11) and solving for ¢, gives 
o, = [2/8 V (2E)/p] Adm (17) 
From Equations (14), (16) and (17) we get 
(1/2 Aam) (2E/p*) — [1/24 p*am] [(2E)*/p‘] 
+ ([{2/3 V (2E)/p] Aam) (— V[2E]/p) +a=90 (18) 
Solving for c: gives 


Oy == (E A am) /2 p’ (19) 
Hence Equation (15) becomes 
y = —1/24 p’ant* + % Aamt*® + [2/3 V (2E)/plAant + 
(EZ Aam) /2p* (20) 


and 
dy/dt = A amt —1/6 p’amt® + [2/3 V (2E)/p] Adam (21) 
To determine when y is the maximum we put dy/dt = 0 
and get, from Equation (21), the cubic equation 
1/ 6 p'amt® — Aadmt — [2/ 3 VY (2E) /p|) A adn = 0 (22) 
or 
t?— [ (6 A Gm) | (p’dm) t] — [4 V (2E)]/p*) (Adm/am) — @ 


From the initial conditions given in Equation (16) we know: 


that t — — V(2E)/p is a root. The other two roots may be 
determined from the theory of equations, according to which 
the negative of the coefficient of t’ is the sum of the roots 
and the coefficient of t is the sum of the products of the roots 
taken two at a time. 

Denoting the unknown roots by f¢; and t:, we get the equa- 
tions 


t: + t— V(2E)/p =0 


t,t. —t,V (2B) /p—t.V (2E)/p = —6A am/p’am = —6E/p’ 
Solving for t, and t, gives 

t, = 2V (2E)/p (23) 
and 

t, = — V(2E)p (24) 


which is the same as to. 
Substituting the value of t; in Equation (13) gives 
(d@y/dt’)t, = —3 Aam 
Since this is negative, y is the maximum when 
t= t, = 2V(2E)/p (25) 
Substituting Equation (24) in Equation (20) gives 
Ymax = — 1/24 p’am([16(2E)*]/p*) + % A am(8E/p’) 
+ ([2/3 V (2B) /p] Aam) [2 V (2E)/p] + (E J am) /2p’ 
Using Equations (10) and (11), this reduces to 
Ymax = 9/2 [(Aam)*/ (p*am)] 
— 9/2 [(E A am) /p’) (26) 
To operate the lower contact ymar must equal or exceed the 
gap clearance c. Hence 
9/2 [(A am)?*/(p?am)] > ¢ 
therefore 
(A adm)* = 2/9 (p’ame) (27) 


From Equation (6) am = p*A, where A is the amplitude 
of the impressed motion. 


Rewriting Equation (27) we have 
(Aam)?, (am)? =—- 
> 2/9 [(n’c) /am] 


= 2/9 (c/A) 
or 
ES vV{[(2/9 (¢e/A)] (28) 
and, since the stroke of the impressed motion is 2A 
E > 2/3 V (¢e/2A) (29) 
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y= 1; 2 (A Amt’) —_— 1/24 (p*amt*) “+ Ct “+ Ca (15) or 


AGm ~y 2/3 Qm V (c/2A) (30) 
Hence we have the theorem: 
The relative error, or the absolute error Aa divided by 





Fic. 2—PaTH OF THE ACCELEROMETER WeIGHr 


the maximum acceleration am, due to gap-clearance c is 
equal to or greater than two-thirds of the square root of 
the ratio of gap-clearance to stroke of the impressed motion. 
The relative error or percentage of error is independent of 
frequency, for simple harmonic motion at constant ampli- 
tude. It is to be noted that if the contacts are not in first- 
class condition, considerable contact-pressure may be re- 
quired; hence the actual error may exceed considerably the 
value 2/3 V (c/2A) 
If we denote by E, the minimum theoretical gap-error, we 
have 
E, = 2/3 V (¢/2A) (31) 
If it is desired to keep E, within 2 per cent, we have 
(1/50)* = 4/9 (¢/2A) 
or 
c = 0.0009 (2A) 


Hence, roughly speaking, the gap-clearance must be less 
than one-thousandth of the stroke if the gap-error is to be 
kept within 2 per cent. 

From Equations (24) and (31) we see that when the 
instrument is set for the minimum theoretical gap-error, the 
time lag between the maximum impressed acceleration and 
the closing of the contact is 


t= 2 (2E) /p 
= [4/y (3) p] [LY (¢/2A)] 


pt, = [4/-y3] [W(c/2A)] (32) 

This represents the angular time-lag, in radians. For the 
case where E = 1/50, pt: = 2/5 radian = 23 deg. approxi- 
mately. That is, the contact is made about 23 deg. after the 
maximum acceleration when the gap-error is 2 -per cent. 

In the case where the accelerometer employs upper contacts 
mounted on springs or otherwise not rigid, the accelerometer 
weight must travel a certain distance before the contacts 
open. The theory applies in exactly the same way to this 
case, with the distance required to open the contact being 
taken as c in the above equations. 

If a pivoted accelerometer-weight is employed, the gap- 
clearance c must be taken as the effective movement at the 
center of gravity. And in this case, correction must be 
made for the moment of inertia of the weight. Note that 
the assumption that as is constant gives a value for E 
slightly too low, not too high. With break contacts that are 
rigidly mounted on their respective supporting elements, the 
movement of the weight necessary to open the contacts is 
so small that no gap-error should appear in any practical 
case. This presupposes, of course, that the contacts them- 
selves are smooth and clean, so that they will operate with- 
out sparking and produce a sharp clean break. 
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ALL ROADS LEAD TO BOSTON! 





Transportation and Service Meeting To Be Held at 
Copley-Plaza Hotel, Nov. 16 to 18 


Five technical sessions of unusual merit, an inspection 
visit and a banquet are the attractions that will cause a 
large number of persons interested in the problems of auto- 
motive transportation and service to journey to Boston this 
month to attend the Transportation and Service Meeting 
which is scheduled to take place at the Copley-Plaza Hotel, 
Boston, Nov. 16, 17 and 18. Eminent speakers will enter- 


tain those who attend the banquet, and men who are authori- 


ties on the subjects under consideration will address the 
technical sessions. Time has been allowed on the program 
for free and ample discussion of the papers presented at 
each session, and it is believed that all present at the meet- 
ing will consider their participation in that event a worth- 
while investment of time, money and effort. Chairman J. F. 
Winchester and his committee are to be congratulated on the 
splendid program that they have arranged. 


FREIGHT-HANDLING SESSION 


F. C. Horner, of the General Motors Corporation, will pre- 
side at the opening session on the morning of Nov..16; this 
session will be devoted to problems encountered in connec- 
tion with freight handling. The Motor-Truck’s Place in 
. Transportation will be discussed by F. I. Hardy of the Bos- 
ton & Maine Railroad. W. P. Kellett, consulting engineer, 
will give the second paper, Scientific Transportation. A 
short address, entitled What the Container Can Do for 
Freight-Transportation, will’ be presented by Donald W. 
Perin, of Perin-Walsh Co. 


MOTORCOACH-TRUCK-RAILROAD SESSION 


Different phases of a very timely topic will be considered 
on Nov. 16 at the afternoon session, which will be under the 
able chairmanship of F. J. Scarr, of the Pennsylvania Rail- 
road Co. Bruce V. Crandall, of Railway Review, will tell 
some facts of vital interest in his talk on The Railroad 
Freight-Terminal. Material of unusual appeal will be pre- 
sented by Arthur P. Russell, of the New England Trans- 
portation Co., namely, The Theory and Method of the New 
Haven’s Highway Operation. Economics of Motor-Vehicle 
Transportation Correlated with Steam and Electric Rail- 
roads is the topic that will be discussed by G. L. Wilson, of 
the Wharton School of Finance and Commerce, University of 
Pennsylvania. 

MAINTENANCE SESSION 


All automotive transportation men are in one way or an- 
other concerned in the matter of maintenance, and it is 
rather generally conceded that much remains to be learned 
on this subject. An opportunity to acquire valuable infor- 
mation on this topic will be given at the Maintenance Ses- 
sion on the morning of Nov. 17. W. M. Clark, of the S. S. 
Pierce Co., will be chairman of this session, at which J. F. 
Winchester, of the Standard Oil Co. of New Jersey, will talk 
on Fleet Maintenance and at which F. B. Whittemore, of 
the International Motor Co., will present a paper on Main- 
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tenance Tools and Fixtures that has been prepared by A. H. 


Leipert of the same company. 


Do Not MISS THE INSPECTION TRIP 


Motoreoaches will start from the Copley-Plaza Hotel at 
1:30 on the afternoon of Nov. 17, for the purpose of con- 
veying to two points of interest all who have registered for 
the Inspection Trip that has been arranged for that time. 
This trip will give members and guests an opportunity to 
see the plant and equipment of the Massachusetts Institute 
of Technology at Cambridge and to inspect most thoroughly 
the maintenance plant of the Standard Oil Co., at East 
Cambridge, which is reputed to be one of the most complete 
and uptodate of its kind in this Country. 


THE BANQUET 


The committee in charge of the arrangements for the 
Transportation and Service Meeting is pleased to be able to 
announce that Edward P. Warner, Assistant Secretary of 
the Navy for aeronautics, has consented to be the toast- 
master at the Banquet on the evening of Nov. 17. It is 
confidently expected that Hon. Alvan T. Fuller, Governor 
of the Commonwealth of Massachusetts, will honor the So- 
ciety by his presence at the Banquet. The principal speaker 
of the occasion will be Prof. W. J. Cunningham, who is 
James J. Hill Professor of Transportation in the Graduate 
School of Business Administration, Harvard University; his 
address will be on the topic, Railroads and Highways: Eco- 
nomics of Coordination. 

Reservations for the Banquet are coming in at a rapid 
rate. All who wish to attend are urged to fill out the blank 
enclosed with the most recent Meetings Bulletin, returning 
it promptly to headquarters with remittance to avoid pos- 
sible disappointment later. 


OPERATION SESSION 


Operators, whether of trucks or of motorcoaches, will find 
much to interest them in the Motorcoach and Truck Oper- 
ation Session that has been scheduled to take place on the 
morning of Nov. 18, under the capable chairmanship of 
A. J. Scaife, of the White Motor Co. C. S. Lyon, of the 
Motor Haulage Shop & Garage Corporation, will present a 
wealth of material in his paper entitled Merchandising 
Motor-Truck Transportation. Standardization of Edquip- 
ment and 100 Per Cent Maintenance Essential for Success- 
ful Motorcoach Operation is the title of the paper that will 
be given by G. T. Seely, of the Chicago Motor Coach Co. 


TIRE SESSION 


The tire problems of operators of motorcoaches and trucks 
will be discussed at the final session of the Transportation 
and Service Meeting, on the afternoon of Nov. 18. The fol- 
lowing papers will be presented: The Motor-Truck Tire in 
Its Relations to the Vehicle and to the Road, by J. A. 
Buchanan of the Bureau of Public Roads; Cushion Tires, 
by A. L. Schoff of Overman Cushion Tire Co.; The Impor- 
tance of Tire Service in Motorcoach and Truck Operation, 
by J. M. Linforth of Goodyear Tire & Rubber Co.; Solid 
Tires, by J. E. Hale of Firestone Tire & Rubber Co.; The 
Effect of Brake-Drum Heat on Motorcoach Tires as Tested 
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on a Dynamometer, by C. W. Bedford and Ernest Blaker of 
the B. F. Goodrich Co. 


AN OPEN MEETING 













All petsons interested in the matters to be discussed at 
the Transportation and Service Meeting will be welcome, 
whether members or non-members of the Society. A large 
attendance is expected. 


NEW ENGLAND SECTION ACTIVE 


Members of the New England Section have expressed a 
lively interest in the meeting and have assumed responsi- 
bility for the carrying out of many of the details necessary 
for the success of an event of this kind. 


TRACTOR MEETING EARLY NEXT MONTH 





Society Members to Meet With Agricultural Engineers 
in Chicago, Dec. 1 to 3 
Here are several of the topics and speakers that will be 


included in the program of the Tractor Meeting that will be 
held by the Society in cooperation with the American So- 
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ciety of Agricultural Engineers at the Hotel Sherman in 
Chicago, Dec. 1 to 3, inclusive. 


The Use of Tractors and Automotive Equipment in 
Connection with Road Building and Maintenance, by 
T. Warren Allen, chief of the division of control, 
Bureau of Public Roads 

Engineering for Service in Materials, Design and 
Manufacturing, by Ralph H. Sherry, consulting metal- 
lurgical and industrial engineer 

Industrial, Application of Tractors, by William Par- 
rish, International Harvester Co. 


Sessions on Dec. 1 and 2 will be under the auspices of the 
Agricultural Engineers; those on Dec. 8 have been arranged 
by a committee from our Society. This committee, under 
the chairmanship of O. W. Sjogren, includes in its member- 
ship J. F. M. Patitz, O. W. Young, and O. B. Zimmerman. 

The Tractor Meeting will afford the year’s greatest oppor- 
tunity for persons engaged in tractor construction and allied 
fields to confer on topics of mutual concern. 

The committee is arranging to have special addresses 
at the informal luncheons and dinners that will be held 
throughout the meeting. All interested persons are urged 
to attend. 

A more complete announcement of the Tractor Meeting 
will be included in a future issue of the Meetings Bulletin. 





TRANSPORTATION AND SERVICE MEETING PROGRAM 


Copley-Plaza Hotel 


Tuesday, November 16 


9:00 a. m.—REGISTRATION - 


9:30 a. m.—FREIGHT-HANDLING SESSION 


F. C. Horner, General Motors Corpo- 
ration, Chairman 

The Motor-Truck’s Place in Transpor- 
tation—F. I. Hardy, Boston & Maine 
Railroad 

Scientific Transportation—W. P. Kel- 
lett, consulting engineer 

What the Container Can Do for Freight- 
Transportation—Donald W. Perin, 
Perin-Walsh Co. 


2:00 p. m.—CoAcCH—TRUCK— RAILROAD SESSION 


F. J. Secarr, Pennsylvania Railroad Co., 
Chairman 

The Railroad Freight-Terminal—Bruce 
V. Crandall, Railway Review 

The Theory and Method of the New 
Haven’s Highway Operation—Arthur 
P. Russell, New England Transpor- 
tation Co. 

Economics of Motor-Vehicle Transpor- 
tation Correlated with Steam and 
Electric Railroads—G. L. Wilson, 
Wharton School of Finance and Com- 
merce, University of Pennsylvania 


Wednesday, November 17 


9:30 a. m.—MAINTENANCE SESSION 

W. M. Clark, S. S. Pierce Co., Chair- 
man 

Fleet Maintenance—J. F. Winchester, 
Standard Oil Co. of New Jersey 

Maintenance Tools and Fixtures—A. H. 
Leipert, International Motor Co., to 
be presented by F. B. Whittemore, 
International Motor Co. 


1:30 p. m.—INSPECTION TRIP 


Massachusetts Institute of Technology, 
Cambridge, and maintenance plant of 
Standard Oil Co., East Cambridge 


Nov. 


16 to 18, 1926 BOSTON 


7:00 p. m.—TRANSPORTATION AND SERVICE BANQUET 
Edward P. Warner, Assistant Secre- 


tary of the Navy for Aeronautics, 
Toastmaster 


Speakers: 
Governor Alvin T. Fulier 
Prof. W. J. Cunningham, Graduate 


School of Business Administration, 
Harvard University 


Thursday, November 18 


9:30 a.m.—MOoOTORCOACH AND ‘TRUCK OPERATION 
SESSION 


A. J. Scaife, White Motor Co., Chair- 


man 


Merchandising Motor-Truck Transpor- 
tation—C. S. Lyon, Mctor Haulage 
Shop and Garage Corporation 

Standardization of Equipment and 100- 
Per Cent Maintenance Essential for 
Successful Motorcoach Operation— 
= T. Seely, Chicago Motor Coach 

0. 


2:00 p.m.—TiIRE SESSION 


A. W. Herrington, Sterrett & Co., 
Chairman 


The Motor-Truck Tire in Its Relations 
to the Vehicle and to the Road—J. A. 
Buchanan, Bureau of Publie Roads 

Cushion Tires—A. L. Schoff, Overman 
Cushion Tire Co. 

The Importance of Tire Service in 
Motorcoach and Truck Operation— 
J. M. Linforth, Goodyear Tire 
Rubber Co. 

Economic Solid-Tire Operation—L. W. 
Fox, Firestone Tire & Rubber Co. 

The Effect of Brake-Drum Heat on 
Motorcoach Tires as Tested on a 
Dynamometer—C. W. Bedford and 
Ernest Blaker, B. F. Goodrich Co. 
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: NATIONAL MEETINGS CALENDAR 


TRANSPORTATION AND SERVICE MEETING—Copley-Plaza Hotel, Boston—Nov. 16 to 18 


TRACTOR MEETING—Hotel Sherman, Chicago—Dec. 1 to 3 


| 

| ANNUAL DINNER—New York City—Jan. 13, 1927 : 
| 

| 





ANNUAL MEETING ANNOUNCEMENT 


Numerous Important Topics Scheduled for Discussion 
at Detroit, Jan. 25 to 28 


Transmissions, brakes, body production, chassis and en- 
gine developments, automotive fuels and detonation, training 
for the automotive industry, light cars, and production topics 
are among the items that have already found a place in the 
program for the Annual Meeting that will be held at Gen- 
eral Motors Building in Detroit, Jan. 25 to 28, 1927, inclu- 
sive. Papers on these topics from authoritative sources are 
now in preparation. Others are being offered from time to 
time, and it appears that the program will be completed in 
the very near future. 

A carnival will be held at Oriole Terrace on the evening 
of Jan. 28. E. V. Rippingille is already active with his 
committee in completing arrangements for a social event of 
unprecedented attractiveness. 


ELECTRICAL MEASUREMENT OF SOUND 





Professor Firestone Describes Instruments and Methods 
to Detroit Section 


Latest developments in 
methods and instruments for 
measuring the pitch, volume 
and quality of sounds were 
described by Prof. F. A. 
Firestone, of the department 
of physics, University of 
Michigan, at the opening 
meeting of the Detroit Sec- 
tion for the season of 1926 
and 1927. The meeting, which 
was held Oct. 7, was attended 
by more than 150 members 
and guests, and was presided 
over by L. M. Woolson, chair- 
man of the Section. 

In opening the session, the 
Chairman announced that the 
Section’s Meetings Commit- 
tee, under the chairmanship 
of W. R. Griswold, has ar- 
ranged a series of talks for the forthcoming meetings that 
will appeal to each branch of the membership, as the car 
engineer, truck engineer and aviation engineer, while some 
subjects will be of general interest to all. Speakers are 
being sought who will present their subjects in a fascinating 
way, to provide entertainment as well as information. Ten- 
tative dates for the next two meetings are Nov. 4 and Dec. 2. 


STUDIES TO DETERMINE SOUND QUALITY 


Professor Firestone, in introducing his subject, Stated that 
Prof. Dayton C. Miller was originally scheduled to give the 
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paper but did not return from Europe in time; some of the 
instruments used by Professor Miller in his own laboratory 
in studying some problems in sound that are not related 
directly to noises in automotive vehicles and parts would 
therefore be shown. These studies were begun in 1905, he 
said, with the aim of determining the quality of sound, as 
distinguished from pitch and loudness, produced by musical 
instruments, such as flutes and clarinets. The quality was 
determined by the form or shape of sound waves, and slides 
of instruments made for the purpose by Professor Miller and 
of the wave forms produced were shown. Professor Fire- 
stone then showed how the complex harmonic wave-forms are 
analyzed into their components with the instruments to as- 
certain the relative magnitude of the harmonics which de- 
termine the quality of any musical note. One slide showed 
the complex sounds produced by a full orchestra and a vocal 
sextette rendering the opera Lucia. 

Since the work done along these lines by Professor Miller 
from 1905 to 1915, a great development of electrical sound- 
measuring instruments has been brought about largely by 
the study of radio broadcasting and the telephone and has 
been carried on extensively by the Bell Telephone Labora- 
tories. These recent developments were then illustrated and 
described by the speaker, whose paper is published in sub- 
sequent pages of this issue of THE JOURNAL. Several of 
the instruments were demonstrated by the speaker, the move- 
ment of a pointer over a dial projected on the screen indicat- 
ing variation in loudness of a sound as a small portable in- 
strument was moved near or away from the source of the 
sound, and light waves on the screen showing the various 
wave components of a musical note. 


HoW THE STUDIES CAN BE APPLIED 


Practical application of the methods and instruments to 
determining the causes of noise in automotive gears. and 
other parts was discussed by members present. K. L. Herr- 
mann, of the Studebaker Corporation of America, said that 
the address confirmed some experiments made about 5 years 
ago by that corporation in which a 16-tooth pinion run at 
1000 r.p.m. produced the middle C note of the piano, which 
was found to correspond to 256 oscillations of the string, and 
showed a single fault in the particular pinion. The second- 
speed gear of the transmission produced another note, which 
also showed a defect in the tooth. If the sound jumped an 
octave it indicated two tooth defects. A stereopticon quickly 
solved the difficulty and the investigators were able, he said, 
to reduce the sound analysis to a decimal equivalent in the 
gear-tooth shape and had a machine designed for cutting the 
gears with the required accuracy. 

Asked by Robert Atkinson, of the Halcomb Steel Co., if 
he found that the use of different kinds of material in gears 
of the same size affects the sound pitch, Professor Firestone 
said that he had made no experiments with other than steel 
gears but thought that the material would not affect the pitch, 
which is determined entirely by the number of teeth that 
mesh in a second. As for a difference of pitch produced by 
cyanide-treated and electric-furnace-hardened gears, there 
is a possibility of this, as some kinds of gears do not give 
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certain harmonic tones and the relative importance of 
fundamental and harmonic tones may be changed so that 
the harmonic tone becomes loud enough to make an impres- 
sion on the ear, although it is a multiple of the fundamental 
pitch. 

R. W. Weinert, of the Studebaker Corporation of America, 
asked how the particular location of a sound source is de- 
termined when the frequency of the note is found and how 
many different sources go to make up the one note. Pro- 
fessor Firestone explained that if the frequency of vibration 
of the note coincides with the rate of tooth contact of a cer- 
tain gear it indicates that that gear is responsible for the 
noise. The sound may be distributed through the car but 
comes originally from the gear. In the case of noise from 
yalve mechanism, a number of parts operate at the same rate, 
so the particular part cannot be separated by the method of 
frequency analysis; the rate of the individual part is not fast 
enough to produce a musical note. 

A questioner referred to a suggestion made some time ago 
by Earle Buckingham that certain gear-ratios which are 
more pleasing to the ear than others might be used in a 
transmission. This, Professor Firestone said, was a psy- 
chological question, but the frequency of any set of gears 
would change with the varying speed of the car. To another 
question regarding the sounding-box effect of the transmis- 
sion case, he said that the case will not alter the frequency 
but may amplify the loudness. Asked whether pitch or 
loudness is more important or objectionable, he said that 
loudness determines the final effect on the ear and that it 
may be possible to build into the measuring apparatus, in 
place of the analyzer that selects one frequency only, a device 
that will weigh the frequencies in the same way the ear does, 
so that the record given on the dial will be one of loudness 
instead of frequency. 


BRAKING AND BRAKES DISCUSSED 





New England Section Considers Bureau of Standards 
Tests and Types of Brakes 


“Twenty years or so ago automotive engineers were con- 
cerned with how to make cars go; now the problem is how 
to make them stop, at least quickly enough,” observed Chair- 
man Glenn S. Whitham in introducing the symposium on 
brakes that was the topic of the evening at the first autumn 
meeting of the New England Section, which was held at the 
Hotel Buckminster, Boston, on Oct. 14, following a mem- 
bers’ dinner. 

Before the presentation of the papers began, J. A. C. 
Warner, meetings manager for the Society, was called upon 
to tell of the plans for the Transportation and Service Meet- 
ing to be held in Boston from Nov. 16 to 18. He said that 
this will be of national character, with men in attendance 
from all parts of the Country, and will be a Néw England 
affair as well, since Boston is a headquarters for transporta- 
tion enterprises and a committee of the New England Sec- 
tion is working to make the meeting appeal to all in the 
district. 

With a section of lead pipe as a gavel to lend weight to 
his request that the speakers make their remarks brief and 
to the point, the new Cha’rman of the Section for the coming 
season expedited both the delivery and discussion of the 
papers, and as a consequence an interesting and lively ses- 
sion ensued and was adjourned at 11 p.m. Nearly 150 mem- 
bers and guests were in attendance. 


TELLS OF FACTORS IN BRAKING PROBLEM 


H. H. Allen, of the Bureau of Standards, gave the leading 
paper, in which he told of the deceleration performance of 
the vehicle, the reaction of the driver to a sudden signal for 
brake application and the way in which these two factors 
are related. Many lantern slides were shown of statistical 
data derived from tests conducted by the Bureau as a joint 
sponsor with the American Automobile Association in the 
development of a Safety Code for Brakes and Brake Testing, 
under the procedure of the American Engineering Standards 
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Committee. 


The data were obtained on upward of 400 pas- 
senger-cars, about 350 trucks and a considerable number of 
motorcoaches, which together included practically all makes, 
all types and all vintages of motor vehicle extant. 

The charts showed large discrepancies in the efficiency of 
hand and foot-operated or emergency and service brakes, as 
approximately 70 per cent of the so-called emergency brakes 
failed to stop the passenger vehicles and 95 per cent to stop 
the trucks within 50 ft. from a speed of 20 m.p.h. No ap- 
parent regular statistical relation exists between the aver- 
age performance of the various weight groups except that at 
the lighter end of the weight scale the trucks approach the 
stopping ability of the passenger-cars; even at the heaviest 
end the relation is not marked. The decelerometers used in 
the tests were illustrated and described. 

Experiments conducted by Dr. F. A. Moss, of George 
Washington University, in collaboration with Mr. Allen, 
showed that the reaction time of about 50 individuals in 
applying the brakes after a signal in about 250 trials was 
approximately % sec. 


DIFFERENT TYPES OF BRAKE DESCRIBED 


John R. Cautley, of the Bendix Brake Co., showed slides 
of the three-shoe servo-type brake made by his company and 
told of its development and how it operates. H. L. Fyfer 
described the Lockheed hydraulic four-wheel braking system 
and its maintenance. Mr. Shultz, of the Kliesrath Co., ex- 
plained briefly the operation of the vacuum power-brake 
made by that company. Mr. Davis, of the Westinghouse 
Air Brake Co., described the main elements of the West- 
inghouse system for heavy vehicles, which operates by com- 
pressed air. Mr. Spear, of Tru-Arc, Inc., spoke of the 
geometry and operating principles of the new internal ex- 
panding-shoe brake recently introduced by the Tru-Are com- 
pany, in which the customary rigid shoes are replaced by a 
flexible steel band formed in two segments, each pressed 
outward by three lugs pivoted to adjustable toggle-arms or 
struts through which pressure is applied. J. G. Platt, of 
the Hunt-Spiller Corporation, told of the greater braking 
capacity and length of service afforded in motorcoaches and 
other heavy vehicles by brake-drums cast by his company 
from gun iron, which contains a high percentage of carbon 
and is unusually strong. 


SPEAKERS ANSWERED MANY QUESTIONS 


Mr. Allen’s paper and each type of brake were discussed 
in turn. In reply to numerous questions, Mr. Allen said 
that friction between the tires and the road does not change 
with speed in dry conditions but goes down rapidly in wet 
conditions; frictional properties of hard-surfaced streets are 
higher when they are well flushed than when dry; low- 
pressure tires stop the car better in wet weather than high- 
pressure tires; the action of brakes is cumulative but the 
rate of decleration is constant; asphalt gives the highest 
coefficient of friction but a new rough concrete road gives 
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good braking whether dry or wet; no relation was found 
between the gross weight of a car, whether loaded or empty, 
and the stopping-distance but the adjustment of the brakes 
may be better with a loaded car and the deceleration will be 
greater as the load is greater. 

Replying to queries, Mr. Cautley said that he had driven 
5000 miles with hand brakes on the rear wheels and foot 
brakes on the front wheels but this system is unsafe for 
ordinary use as the car may too easily be caused to skid; 
equal braking on front and rear wheels is right; if the front 
wheels are locked the car cannot be steered but neither can 
it be stopped, however; and owing to the centrifugal force 
on a turn, the outside wheel will lock after the inside wheel 
and, so long as one wheel rotates, steering is possible. 

Mr. Fyfer, in response to questions about the hydraulic 
brakes, stated that in event of a blown-out cylinder the inlet 
to the cylinder can be plugged, as with a dime, to shut-off 
an individual fluid-line; the fluid used is composed of equal 
parts of alcohol and neutral castor-oil with the addition of 
another chemical whose purpose and nature the company’s 
engineers do not tell; a pressure of about 40 lb. per wheel 
is sufficient for a short stop; and mechanical linkage makes 
stopping quickly more difficult than with hydraulic trans- 
mission of the pressure. 

Mr. Schultz stated that the piston in the Kliesrath vacuum 
brake is restored to its equilibrium position by a spring, a 
check-valve on trailer brakes assures enough brakage to 
hold the trailer in event of its breaking away from the 
truck or tractor and the driver of a vehicle soon becomes 
used to applying the right pressure for correct braking. 

Mr. Davis said that the Westinghouse Company prefers 
to operate its compressed-air brakes on motorcoaches at a 
maximum pressure of from 50 to 60 lbs. and a properly in- 
stalled airbrake will not fail but, to satisfy inspectors, the 
foot and hand controls are left on the vehicle. 

The total carbon-content in the Hunt-Spiller gun-iron 
drums, Mr. Platt said, is 3.20 per cent and the minimum 
drum section is 5/16 in. thick, while for heavy trucks a 
thickness of 3/8 in. is preferred. 


OUTING AND INSPECTION TRIP 





Chicago Section Opens Season with Golf Tournament 
and Visit to Steel Plant 


To celebrate the beginning of the new season the Chicago 
Section held a combination outing and inspection trip at 
Gary, Ind., on Oct. 13. Members left Chicago at 7:10 a.m. 
in de luxe motorcoaches and arrived at the Gary Country 
Club at 10:15, where a nine-hole golf tournament preceded 
a luncheon, at which presentation of prizes was made on 
the basis of blind bogey, as follows: 


First Prize—Robert T. Hendrickson; combination pen 
and pencil set 

Second Prize—Mr. Wilkin; billfold 

Third Prize—Messrs. Sherlock, Hartzell and Parsons; 
one dozen golf balls, divided equally 

High score for the day was made by Mr. Supporter, to 
whom was awarded a silver cup donated by D. P. Barnard, 
4th, which is to be known as the Barnard Cup and will be put 
up for competition at each future outing of the Section as an 
award for high score. 

Following the luncheon the members were transported to 
the mills of the Illinois Steel Co., where they were met by 
officials of the company and joined by 13 additional members 
who made the trip to Gary for the inspection visit only. The 
party was transported through the premises by railroad and 
was conducted through the mills by C. P. Kimmel, assistant 
general superintendent; E. W. Eckersal, chief inspector; and 
A. D. Beers, chief chemist and metallurgist. 

The inspection included the by-product coke plant, blast 
furnaces, open-hearth steel plant, strip-stock mills, and the 
steel railroad-coach wheel-production plant. It lasted until 
about 5 p.m. and was highly interesting. Everyone felt that 





the meeting as a whole was a great success and that the trip 
was well worthwhile. 


TALKS ON HEAVY-DUTY ENGINES 


Diesel and Six-Cylinder Truck-Engines Interest the 
Northern California Section 


Dinner with music and ballet dancing, annual reports and 
election of officers, visiting members from other Sections, and 
addresses on recent Diesel-engine developments and the ad- 
vantages of six-cylinder engines for truck operation made 
the meeting of the Northern California Section on Oct. 14 
replete with interest. The meeting, which was held at the 
Engineers Club in San Francisco, was attended by 83 mem- 
bers and guests. E. C. Wood, chairman of the Section, ex- 
tended a welcome to Ray A. Long of the Detroit Section; 
Fred M. Young of the Milwaukee Section; and Ethelbert 
Favary of the Southern California Section. 

In his report for last year, Chairman Wood stated that 
last November the Society had 78 members in Northern Cali- 
fornia, of whom 52 were members of the Section. Now it 
has 157 members in the territory, the Section 56, and 63 ap- 
plications are pending. Ten technical sessions were held dur- 
ing the year, in addition to which weekly luncheons were held 
at which various topics of general interest to the industry 
were discussed. 

The meeting was then turned over to Herbert Miller, who 
took the chair and introduced the speakers. After delivery 
of the addresses, a report on votes cast showed the election 
of officers for the new season as follows: 

Chairman, E. C. Wood 

Vice-Chairman, W. S. Penfield 

Vice-Chairman for Oakland. Edward Meybem 
Treasurer, Gustav Wade 

Secretary, W. S. Crowell. 


Both Mr. Wood and Mr. Crowell succeed themselves, as 
they were installed at the inaugural meeting of the Section 
in August, 1925, and had not served a year. 

Mr. Favary, when called upon, told of the meeting of the 
Southern California Section held on the preceding Friday at 
the city laboratory in Los Angeles, where tests of lubricat- 
ing-oils were demonstrated. He also said that some of the 
members of that Section thought arrangements should be 
made for a get-together meeting with the Northern Cali- 
fornia Section next summer at some place midway between 
San Francisco and Los Angeles. 

After expressing appreciation of the efforts of the retir- 
ing Vice-Chairman, Grahame B. Ridley, and the Treasurer, 
Charles W. Gebhardt, the Chairman asked to hear from 
W. W. MacDonald, who had worked hard to develop the group 
to the stage of formal organization as a Section. Mr. Mac- 
Donald spoke of the growth and importance of the Society 
and what its work means to the buyers and users of motor 
vehicles and urged his hearers to help bring into the Society 
and the Section every man in the northern part of the State 
who is connected with automotive engineering and mainte- 
nance. In conclusion, he presented, in behalf of the members, 
tokens of appreciation to the officers for the past season. 


TELLS OF DIESEL-ENGINE DEVELOPMENT 


S. R. Lardner, of the Atlas Imperial Engineering Co., of 
Oakland, described briefly some of the work done by his 
company in developing light Diesel engines. Since the first 
four-cylinder engine went into a steam shovel about 5 years 
ago, he said, the percentage in use in excavators has in- 
creased until now only 5 per cent of these excavators are 
operated by steam. He told of the relative fuel economy 
of the Diesel as compared with the steam and gasoline en- 
gines in this service and said that in the last 5 years his 
company has had orders for 350 Diesel-engine shovels and 
shipped 125 engines to the East last year. 

Oil is injected to the cylinders under a pressure of about 
3500 lb. per sq. in. and is thereby broken up so that it burns 


ing 
‘ 


36 
on 


at 
in 


Pe ae ee ye 





Vol. XIX 





November, 1926 





MEETINGS OF THE SOCIETY 


—_—_—— 














like the mixture of gasoline and air in a gasoline engine. 
Slow-speed engines have been found most successful for 
shovels and when it slows down the Diesel does not lose 
power as a gasoline engine does or require frequent clean- 
ing like a steam boiler, he said. 

Some interesting installations have been made recently 
in the Los Angeles oil fields for drilling. The first well on 
which the engine was used was put down to a depth of about 
3600 ft. in 33 days of drilling at an operating cost equal to 
only 1 day for a steam drilling rig. 

His company has developed a Diesel engine that runs 
at 650 r.p.m. and develops 130 hp., and anticipates produc- 
ing a smaller one of 80 hp. 


SIx-CYLINDER TRUCK-ENGINE ADVANTAGES 


The advantages of a six-cylinder engine in a motor-truck 
are increased speed, smaller power-impulses and reduction 
of vibration, said Mr. Favary, of the Moreland Motor Truck 
Co., in his address on the subject. It is easier to cool the 
pistons of a six than those of a four-cylinder engine of equal 
displacement, and higher water-temperatures can be used al- 
though the thermal loss is greater. The increased speed and 
power demanded of trucks could be obtained by increasing 
the size of the cylinders but the reciprocating parts would be 
heavier and tremendous force would be required to accelerate 
and decelerate them. By the use of more cylinders the weight 
of the pistons is lessened, the stresses on the rods, crank- 
shaft and bearings reduced, and the vibration minimized. 
The crankshaft of a six-cylinder engine is also in better bal- 
ance and the lessened vibration means that the entire engine- 
structure will last longer without breakage. Less flywheel 
weight is required and acceleration of the engine is there- 
fore increased. The four-cylinder engine no longer shows 
higher efficiency than the six, said Mr. Favary. 


COMMERCIAL AVIATION, NOW AND LATER 





Warner and Fokker Express Interesting Views at 


Metropolitan Section Meeting 


Requirements to be met if commercial aviation is to be 
successful, work that is being done to bring about the ful- 
fillment of these requirements, progress that has been made, 
and the outlook for the future were some of the matters dis- 
cussed at the Metropolitan Section meeting at Hotel Wood- 
stock, New York City, on the evening of Oct. 21, 1926. 
Dinner at 6:30 p. m. was followed by a technical session at 8 
o’clock with more than 200 members and guests in attendance. 
Prof. Alexander Klemin of New York University, who pre- 
sided, conducted the meeting in his usual able manner. 


GOVERNMENT RESEARCH HELPS INDUSTRY 


Hon. Edward P. Warner, assistant secretary of the navy for 
aeronautics, in a talk on Service and Commercial Aviation, 
considered the engineering aspects of the relation between 
naval and commercial flying. In matters of detail, he said, 
the contrasts are more obvious than the similarities, though 
there are indeed close parallels between the two spheres. 
In fact, divergences between commercial aviation on the one 
hard and military and naval on the other begin to appear 
only at a somewhat advanced stage, and up to that point 
they can go along together with mutual profit. The greatest 
contribution of military and naval to commercial aviation, 
he stated, consists in the research carried on by the Govern- 
ment; not only data accumulated but methods of research 
and instruments developed by the Government have proved 
valuable to commercial organizations. In all the vast 
accumulation of material from aeronautic research carried 
on by our own Government and by the governments of for- 
eign countries, less than 2 per cent of it is solely or pre- 
dominantly military in its application. 

Although research undertaken for the armed services may 
be equally valuable in the commercial field, the same princi- 
ple does not apply to specific problems of design. In this 
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connection, Mr. Warner stressed the inadvisability of uniting 
military and non-military functions in one design. If one 
aim is of predominant importance, he said, all other ends 
likely in any degree to conflict with that one should be not 
merely subordinated but, so far as possible, dismissed from 
consideration entirely, in order that full attention may be 
concentrated on the primary object. 

Qualities fundamental to the success of commercial flying 
were listed by Mr. Warner as follows: speed, safety, reliabil- 
ity. economy, and comfort. The classification, he stated, 
holds for military flying as well, with the substitution of the 
more general terms “performance” and “convenience of 
arrangement” for “speed” and “comfort” respectively. Re- 
garding safety, the speaker said that supposed lack of safety 
in flying was once one of the greatest obstacles to commercial 
aviation; he stressed the desirability of doing all possible 
to increase safety and to create the impression of safety in 
the minds of the public, making them see that flying is not 


only safe and sane but is even becoming steady, common- 
place and monotonous. 


WHAT OF THE FUTURE? 


A. H. G. Fokker, of the Atlantic Aircraft Corporation, in 
his inimitably entertaining manner spoke of the future of 
commercial aviation. He stressed the need of comfort in 
commercial airplanes, although in getting more comfort, he 
said, it is sometimes necessary to sacrifice speed. Safety is 
another factor that enters into the success of commercial 
flying, both safety of construction and safety of operation. 
Mr. Fokker considers the airplane as safe as or safer than 
any vehicle on the ground, even with the airplane traveling 
at many times the speed of the automobile. Besides comfort 
and safety, cost of construction and of operation must be 
considered. 

Good weather-reports, according to Mr. Fokker, will be 
helpful in accelerating the progress of aviation. Weather 
reports are needed not only at the start; they should also 
be received by radio or other signals during the trip, so that 
changes in the weather may be learned. 

Night flying, said Mr. Fokker, is very important, especially 
in this Country, and several problems relating to night 
flying are not yet solved. He took the opportunity in this 
connection to praise the work of the Air Mail Service which, 
he said, is not sufficiently appreciated. 

After showing slides which gave the audience a good idea 
of some of the developments that have taken place in the 
building of aircraft for commercial uses, Mr. Fokker said 
that the future of commercial aviation will be largely a 
question of achieving great safety in the airplanes them- 
selves and getting the confidence of the public. Relative to 
the probable size of the passenger-carrying airplane of the 
future, the speaker stated that this feature will be dependent 
upon the kind of engines developed. Regarding the type 
of airplane that will be used in the future, Mr. Fokker 
expressed the opinion that just as automobiles have been 
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developed for a variety of special purposes, similarly air- 
planes will be developed. Aviation, he said, will take its 
place in modern life as the automobile has already done, 
along with other modern means of transportation and com- 
munication. There is an unlimited field to be developed, 
he declared, an unlimited field for inventive brains. 


A VARIED DISCUSSION 


Those who commented on points brought out by the two 
speakers included Lieut-Col. B. D. Foulois, Charles S. Jones, 
G. J. Mead, Archibald Black, Arthur Nutt and W. L. LePage. 
One noteworthy idea brought out by Assistant Secretary 
Warner in his talk and emphasized in the discussion relates 
to the news value of aeronautic happenings. Formerly, any 
flight was considered front-page news. Now, even so im- 
portant a flight as the Ford Reliability Tour receives scant 
attention from the newspapers unless accompanied by an 
accident. The opinion was expressed that sensational and 
spectacular happenings in aviation are far less important 
than steady and continuous operation which has come to 
have practically no news value. It was pointed out that 
this very lack of news value is indicative of the very real 
advancement that has been made in aviation. 


CHROMIUM, THE WONDER METAL 





Dr. Fink Tells Detroit Section Members about Its 
Properties and Uses 


“In the whole structure of 
the automobile there is one 
element that is more im- 
portant than any other, and 
that is chromium; if it were 
not for chrome steels we 
should not be able to build 
our cars today,” asserted Dr. 
Colin G. Fink, of Columbia 
University, in an address on 
Chromium, which was the 
topic of the evening at the 
Oct. 21 meeting of the De- 
troit Section, held in the Gen- 
eral Motors Building. 

Chromium belongs to an 
important group in the peri- 
odic table of elements which 
includes first chromium, then 
molybdenum, tungsten, and 
uranium, he said. Chromium 
resembles other elements in the group in that it is hard, 
but it differs in other respects. It has an atomic weight of 
52 and when analyzed part of it resembles silicon and part 
magnesium. It is not a rare metal; the earth contains more 
chromium than copper and considerably more than nickel. 
Rich deposits of the ore exist all over the world but practical- 
ly 70 per cent of the metal comes from Rhodesia in Africa 
because labor is cheapest there. In 1925 the production 
amounted to 85,000 tons, compared with 40,000 tons of nickel, 
1,500,000 tons of copper and 6000 tons of tungsten. 

No metal, with the exception of iron, is so important in 
our whole industrial art as chromium, continued Dr. Fink. 
We could dispense with a dozen other metals rather than with 
chromium, because of the distinctive properties of chromium, 
of which about 45 per cent of the production goes into alloys, 
about 35 per cent into refractories and about 20 per cent into 
chemical compounds. It imparts resistance to corrosion, 
hardness and toughness to steel, and no other element will 
give equal resistance to high temperatures. 





Dr. CoLIN G. FINK 


Low CARBON-CONTENT VALUABLE IN ALLOYS 


Steel alloys made with chromium include chrome-iron- 
carbon, chrome-nickel-iron-carbon and chrome-tungsten-iron- 
carbon. Next in importance to these are the chrome irons, 
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such as rustless iron, and special alloys such as stellite, which 
is a chromium-cobalt-tungsten alloy. Another important class 
is the alloys characterized by nichrome, which is a nickel- 
chromium-iron-manganese alloy. This enters into enameling 
and heat-treating; all low-temperature electric ovens use 
nichrome. 

The electric furnace made it possible to produce ferro- 
chromium with a very low carbon-content. This furnace can 
go all the way to 99 per cent of chromium and 1 per cent of 
iron. This metal can be cast in large plates, is very soft 
and can be rolled down easily. Because of its freedom from 
carbon, ferrochromium made in electric furnaces is bringing 
as much as 33 cents per lb. against 11 or 12 cents for the 
fuel-fired compound. 

The. melting-point of chromium is about 1620 deg. cent. 
(2948 deg. fahr.), which is higher than that of pure iron 
and pure cobalt. Chromite ore is therefore used as a re- 
fractory in chrome bricks, which are the best in the market 
for lining open-hearth and blast furnaces, said Dr. Fink. 
These bricks have a melting-point of 2200 deg. cent. (3992 
deg. fahr.) whereas the maximum temperature in blast 
furnaces is about 1900 deg. cent. (3452 deg. fahr.). 

Oxide formed on chromium in the first heating does not 
scale off, as it has the same coefficient of expansion as the 
metal, and it protects the metal on the second heating. 
Another valuable property is the high power to reflect light; 
this power is about 82 per cent of that of freshly polished 
silver, which has the highest power, and because chromium 
resists corrosion and is not affected by sulphur fumes, it 
does not need repolishing. 

About 13 per cent of chromium in a metal is sufficient to 
protect the surface against rust and corrosion; hence chro- 
mium is employed for plating. The oxide is reduced with 
electrolytic hydrogen and when the chromium is deposited it 
produces a very hard bright surface. Because of its hardness 
it was found easier to do all the polishing on the under metal 
before plating. Chromium can be plated, said Dr. Fink, on 
brass, steel, aluminum, magnesium, silver, and other metals. 
It is remarkably resistant to nitric and uremic acids. 


ANSWERS QUESTIONS ABOUT CHROMIUM PLATING 


More than 50 questions pertaining mostly to plating were 
submitted after the conclusion of Dr. Fink’s talk. Answering 
some of these, the speaker said that no metal has yet been 
found that could not be plated; the cost of chromium is nearer 
that of nickel than of silver and he thought the cost is com- 
ing down; chromium used as a deposit is not pure and hence 
is hard; chromium plating does not chip or peel off like 
nickel plating; the normal thickness of the plating is 0.0002 
in.; no particular difficulty attends plating with the metal; 
chromium-plated sheets can be stamped or formed without 
peeling or chipping; zinc-base metals can be plated directly; 
hardness of the plating can be controlled; and plating on 
drills and other small tools works well. 


WHAT MAKES A SPARK-PLUG SPARK? 


Washington Section Hears Electrical Engineer’s View 
of Ignition Systems 


The reasons underlying the successful performance of 
spark-plugs are of undeniable importance to engineers and 
scientists whose interest centers around the internal-com- 
bustion engine, as well as to operators of automotive ve- 
hicles. The factors responsible for failure are equally 
important. Both phases of the subject were discussed in a 
most interesting address by Dr. F. B. Silsbee, of the Bureau 
of Standards, at the meeting of the Washington Section, 
which was held at the Playhouse in the City of Washington 
on the evening of Oct. 1. 

Dr. Silsbee began his talk by discussing some black-board 
diagrams that showed the essential parts of a battery ignition 
system. In explaining the functions of the various parts, 
he used a novel analogy of a truck driver and a truck, in- 
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stead of the old, accepted water analogy. The building up 
of the energy in the primary circuit, said the speaker, is 
similar to the storing up of the energy in the engine flywheel 
when the truck driver steps on the gas when his clutch is 
disengaged; when the clutch is engaged, this energy gives 
an impulse to the rear wheels; similarly, when the primary 
circuit is broken, a high voltage impulse that gives a spark 
at the electrodes is induced in the secondary. 

Five periods, it was shown, are comprised in the cycle of 
operation of an ignition system. The first period consists in 
the building up of the primary circuit when the circuit- 
breaker is closed. The second period is the building up of 
the voltage in the secondary circuit during the short interval 
after the circuit-breaker has opened and before the spark 
occurs. The consequent passage of electricity between the 
spark-plug electrodes may be divided into two additional 
periods. The third period has a duration of about 0.000001 
sec. and consists of oscillation of the current and voltage in 
the secondary circuit. The current finally settles to a value 
of approximately 50 milliamperes and the voltage drops from 
4009 to about 800. The fourth period consists of a decrease 
in the quantity of current flowing between the electrodes or 
the inductive component until the spark becomes extinct. 
The fifth period is the dead spot or the time between the 
stopping of the spark and the closing of the primary circuit. 
All of the various periods were very clearly brought out by 
oscillograms that were flashed upon the screen. The spark 
was shown to persist for about 0.001 sec. for a battery sys- 
tem and about 0.003 sec. for a magneto circuit. 

Theoretically the sparking voltage, Dr. Silsbee said, would 
be infinite if the breaking of the primary circuit were in- 
stantaneous. The condensers normally used take the edge 
off this high voltage. The sparking voltage, however, is in- 
creased with an increase in the electrode gap and in the 
density of the surrounding medium. An increase in the 
temperature of the electrodes or in the sharpness of the 
electrodes results in lower sparking voltage. 

Dr. Silsbee discussed the new theory of causal ions pro- 
duced by the Milliken rays that penetrate iron and steel 
without any difficulty. He said that before a spark can 
occur, it is necessary that at least one of these ions come 
between the electrodes, since they act as carriers of the elec- 
trical charge. 

In closing, the speaker pointed out that much could be ac- 
complished and less ignition trouble would be encountered 
if the spark coil manufacturers would make their coils so 
that they would deliver both higher current and voltage than 
they do at present. Many of the apparent failures of spark- 
plugs, he said, could be overcome by having more energy 
effective. 
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WHAT CURES “SHIMMY” AND “TRAMP”? 





Indiana Section Seeks To Ban Jazz-Dancing Front- 
Wheels and Tie-Rods 


Engineering grief has been 
augmented so largely in the 
last 4 years by the problems 
arising from the advent and 
application of balloon tires 
and four-wheel brakes that 
the Indiana Section arose in 
its wrath, determined ‘to 
solve the two puzzles men- 
tioned in the foregoing head- 
lines, at least. Accordingly, 
the Section opened fire on 
these enemies with two pa- 
pers, these being presented 
at the meeting and dinner 
held on Oct. 14 at the Hotel . 
Severin, Indianapolis. K. J. 
Howell, laboratory engineer 
of the Studebaker Corpora- 
tion of America, Detroit, and 
F. F. Chandler, chief en- 
gineer of the Ross Gear & Tool Co., Lafayette, Ind., were 
the gunners, and their “paper” ammunition was so effective 
that numerous bugs and bugbears of the steering-system 
and its connections, front wheels and front-wheel brakes, 
were annihilated. Ninety-four members and guests attended 
the dinner and 200 were present at the technical session. 

Mr. Howell defined “shimmy” as the periodic rotation of 
the front wheels about the knuckle-pins. He said that it 
seems easiest to index shimmy in relation to the velocity of 
the car and divided it into three phases: (a) occurrences at 
low speeds somewhat below 25 m.p.h. which register, while 
driving over rough roads, as steering-wheel kickback; (6b) 
wheel wabble at speeds up to 40 or 45 m.p.h., principally 
while driving over rough roads, and registering as obvious 
front-wheel wabble and steering-wheel kickback; and (c) 
high-speed shimmy at speeds usually above 40 m.p.h. and 
registering by shaking the entire car with different degrees 
of violence. Phase (¢) is usually recorded most noticeably 
by the transverse oscillations of the radiator. 

In Mr. Howell’s opinion, “tramp” seems to be definable 
as the periodic rotation of the axis of the front axle about 
some center point which is located in a vertical line through 
the center of the axle when viewed from the front of the car. 





F. F. CHANDLER 


SCHEDULE OF SECTIONS MEETINGS 


NOVEMBER 


3—MILWAUKEE SECTION—Maintenance of Motorcoach Equipment—Henry L. Debbink; The Part of the 
Motorcoach in Urban and Interurban Transportation—J. H. Lucas 


4—DeTtro1IT—C. F. Kettering 


5—WASHINGTON SECTION—Why Does a Car Pivot?—Johannes 


George L. 


Plum; The Torque-Equalized Brake— 


Smith; Methods of Testing Brakes and Their Performance—H. H. Allen 


9—PENNSYLVANIA SECTION—Relative Merits and Field for Large Cars and Small—Thomas J. Litle, Jr. 


BUFFALO SECTION—Carburetion and Manifold Design as 


Timian 


Related to Engine Performance—Hal H. 


11—INDIANA SEcTION—Application of Rubber in Vehicle Construction—Charles Froesch, C. A. Schell and 


a representative of U. S. Rubber Co. 


12—-SOUTHERN CALIFORNIA SECTION—Low-Cost Fleet-Operation—C. G. Bussey, E. F. Rondot and E. M. 


Fitz 


15—-METROPOLITAN SECTION—Engines—W. A. Frederick 
29—CLEVELAND SECTION—The Engineer, the Trade and the Owner—David Beecroft 
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Axle tramp seems immediately to precede shimmy. Front- 
axle “gallop,” that is, the bouncing of the entire front axle 
with no vertical rotation between the springs of the car and 
the tires, does not seem to provoke shimmy, probably because 
gallop usually has a frequency below the shimmy range of 
frequency. Balloon tires seem to have been the real in- 
stigator of shimmy. Four-wheel-brake cars equipped with 
high-pressure tires seldom showed a tendency to shimmy, 
but many two-wheel-brake cars equipped with balloon tires 
have shown definite shimmy characteristics; therefore, it 
seems that the balloon tire, as the cause, should be considered 
also as the cure. 

It was said also by Mr. Howell that different types of tire 
seem to have vastly different shimmy characteristics. Classi- 
fied in regard to cross-section, these types are the round car- 
cass and round tread, the round carcass and flat tread and 
the box-shaped or rectangular carcass of varying degrees 
with semi-flat or with flat tread. The tendency to shimmy 
seems to be in the order listed, the round-carcass round-tread 
tire generally having the worst shimmy characteristics. Tire 
construction has noticeable definite effects upon tendencies 
toward shimmy, being influenced by such details as width 
and type of breaker strip and cushion rubber, crown bias 
angles of the cord plies, heights of wall reinforcement, 
chafing strips, flippers, rubber stock, and bead construction. 
Generally, the more rigid the tire is, the less the shimmy is. 
However, the more rigid the tire is the less the tire serves 
the fundamental purpose of a cushion, and other glaring 
defects are apt to appear which prohibit the use of a tire 
that is sufficiently rigid to eliminate shimmy completely. 
After considering in detail other causes of shimmy, Mr. 
Howell concluded by saying that each car seems to present 
an individual problem. 


OTHER PHASES CONSIDERED 


In the course of his remarks, Mr. Chandler said that in 
the past all makes of car had at times what he calls low- 
speed shimmy, or the shimmy that would be produced at 
speeds as low as 15 m.p.h. and would persist until the car 
was almost brought to a stop, but that this type usually is 
caused by worn king-pin bushings and excessive lost-motion 
in the front-axle mountings and generally can be eliminated 
by re-bushing and servicing. He thinks that the driving 
public often complains about shimmy that is simply due to 
road shock or steering-wheel wabble. The result of road 
shock on the steering-wheel is precisely the same as shimmy 
except that the road shock does not persist, while real shimmy 
does persist; therefore, he divides actual shimmy into in- 
cipient shimmy and persistent shimmy, but stated that not 
many cars today are afflicted with persistent shimmy within 
the driving speeds at which the public travels. He discussed 
also the gyroscopic effect of front-wheel movement about the 
king-pin as a possible contributory cause of shimmy. 

Participants in the spirited discussion that followed the 
delivery of the papers were numerous, among them being 
C. S. Crawford, chief engineer of the Stutz Motor Car Co. of 
America, Inc.; W. G. Wall, consulting engineer; J. M. Craw- 
ford, chief engineer of the Auburn Automobile Co.; H. A. 
Huebotter, engineering experiment station, Purdue Univer- 
sity; and F. S. Duesenberg, president of the Duesenberg 
Motor Co. 


LABORATORY TESTING METHODS STUDIED 


Southern California Section Views Power, Fuel, Oil 
and Material Testing 


Uptodate methods of testing, in its relation to automotive 
affairs and as practised in the laboratories maintained and 
operated by the City of Los Angeles, were observed by the 
members and guests of the Southern California Section on 
the occasion of the inspection trip and meeting that was 
held on Oct. 8. The laboratories were made available and, 
during the inspection, tests were conducted and explained. 
Among these was the Wasson method of determining the 
power output of the rear wheels of an automobile, the tem- 
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peratures of the water and of the crankcase oil being indi- 
cated at the same time. 

The commercial testing of gasoline and oil, as it is carried 
on by the City to assure the sale in Greater Los Angeles of 
only such grades as meet standard specifications, was dem- 
onstrated. The methods used in determining the tensile- 
strength of steel and the resistance to crushing of concrete, 
of sewer pipe and the like were exhibited also. 

At the dinner and meeting held at the Wampus Club in go- 
called “Little Italy,” Los Angeles, 144 reservations were 
made and an additional number of men attended the techni- 
cal session. R. W. Stewart, first deputy city engineer, and 
T. A. Fitch, engineer of tests, represented the City and de- 
livered addresses. 


GOOD FELLOWSHIP AND “EATS” ENJOYED 


Pennsylvania Section Sports for an Afternoon and 
Indulges in a Party 


According to an old song, “it’s always fair weather when 
good fellows get together,” and no doubt the members and 
guests of the Pennsylvania Section who participated in the 
sports program during the afternoon of Oct. 22 will agree 
that the saying is true, whether it rains or not. The par- 
ticipants no doubt will agree also that the Tredyffrin Coun- 
try Club at Paoli, Pa., on the Lincoln Highway, is an ideal 
place for a handicap golf tournament and a Fall Romp, 
especially when it is followed by a jovial party in the even- 
ing, which was true on this occasion. 

It was a day off and a day out with a real gang, and 
all the assurances given that everyone would have a big 
time were realized. A. K. Brumbaugh, of the Autocar Co., 
Ardmore, Pa., was the principal entertainer, and the 50 or 
more people who witnessed his performances all say that 
he certainly does know how to be entertaining. The only 
regret attaching to the events of the day was due to the 
absence of genial John Younger, professor at Ohio State 
University and publisher of Automotive Abstracts, who, be- 
cause of a broken arm, was unable to attend and to deliver an 
address as planned. 


COUNTERBALANCING CONNECTING-RODS 


Dayton Section Discusses Counterbalancing and _ the 
Training of Novices To Fly 


At the dinner given by the Dayton Section at the Engi- 
neers Club, on Oct. 26, an interesting address was delivered 
by Clyde Emrick, pilot for the Johnson Airplane & Supply 
Co., on the subject Training Men to Fly. The speaker out- 
lined the methods used in teaching novices and said that 
any person of ordinary intelligence can learn to fly in from 
4 to 10 hr., the cost of instruction not being more than 
$200. Persons ranging in age from 12 to 55 years have 
been trained successfully, and it was said that those of 
deliberate temperament learn most easily. The technical 
session in the evening was well attended, and a paper on 
counterbalanced connecting-rods was read by K. D. Wood, 
instructor in the college of engineering, Cornell University. 

In considering the possibilities of the counterbalanced 
connecting-rod, Mr. Wood pointed out that (a) every auto- 
mobile engine is dynamically unbalanced; (b) inertia un- 
balance of two, four and eight-cylinder engines can be 
eliminated by counterbalancing the connecting-rods; (c) such 
engines so balanced have a better balance than the con- 
ventional six-cylinder engine; (d) the design of counter- 
balanced connecting-rods is practicable and adds little to the 
cost of the engine; and (e) if a counterbalanced connecting- 
rod is used, the single-cylinder engine can be as well bal- 
anced as the conventional six-cylinder engine by using the 
geared balancer that Mr. Wood described. He demonstrated 
the fundamentals relating to the foregoing statements. 

The geared balancer proposed by Mr. Wood consists of 
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a pair of small shafts geared to run at crankshaft speed 
in opposite directions, each shaft carrying a pair of weights 
that produce a rotating centrifugal couple. The center-lines 
of the shafts must lie in the same plane, which must also 
pass through the center line of the crankshaft. One weight 
on each shaft rotates in one plane and the other weights 
rotate in a plane that is parallel to and a short distance 
away from the first plane. In the instance cited, the 
piston center-line is vertical, the balancer shafts lie in a 
horizontal plane and the weights lie in the plane of the 
shafts when the piston is on head-end dead-center. The 
resultant forces on the weights are then equal in magnitude 
and each is proportional to the square of the angular 
velocity of the crank, which is assumed to be constant. Be- 
cause of the arrangement of the shafts, the horizontal 
components of the forces neutralize each other; the vertical 
components are unbalanced and are proportional to the 
square of the angular velocity of the crank times the sine 
of the angle of the displacement of the crank from the 
vertical. The centrifugal couple produced by the balancer, 
which is the product of the vertical components by the dis- 
tance between the planes of rotation of the weights, is 
therefore also proportional to the unbalance of the vertical 
components and approximately proportional to the angular 
acceleration of the connecting-rod. Hence, the inertia couple 
of the single-cylinder engine can be balanced as well as that 
of the conventional six-cylinder engine. 


MOTORCOACH AND ELECTRIC RAILWAY 





Cleveland Section Hears Interesting Discussion of the 
Former’s Proper Sphere 


Motorcoaches, because of the rapid advancement in the 
number of them in operation in this Country within the 
last 5 years, constitute a fruitful topic of conversation when 
automotive men are gathered together, as this method of 
transportation is capable of being discussed from such a 
variety of viewpoints. The relationship between the motor- 
coach and the electric railway was the angle from which the 
subject was considered at the meeting of the Cleveland Sec- 
tion which was held at the Cleveland Hotel on the evening 
of Oct. 4. This phase of the subject was particularly appro- 
priate for the occasion, as the meeting at which it was dis- 
cussed was held at the beginning of the week during which 
the American Electric Railway Association staged its con- 
vention at Cleveland. 

Chairman T. V. Buckwalter of the Cleveland Section 
opened the meeting with some apt remarks regarding com- 
petition, expressing his belief that the competition which 
undoubtedly exists between the motorcoach and the electric 
railway would not cause the electric railway to be super- 
seded but would work toward the improvement of both of 
these important means of transportation. He then pre- 
sented George W. Smith, Jr., of White Motor Co., who had 
prepared the program for the evening, and Mr. Smith with 
appropriate remarks introduced in turn the two speakers. 


MOTORCOACH OPERATION IN CLEVELAND 


C. M. Ballou, City Street Railroad Commissioner, pre- 
sented his paper entitled The Public’s Reception of Motor- 
coach Service in Cleveland. The speaker related the experi- 
ence of the Cleveland Railway Co. which has been operating 
motorcoaches as part of its transportation system for more 
than a year. Its experience with 10 different routes, he 
said, indicates that the Cleveland traveling public accepts 
motorcoach transportation very much at its face value; any 
attributes of novelty or mere newness soon disappear and 
there is nothing startling or revolutionary in this service 
such as might be occasioned by the opening of air routes, 
for example. The motorcoach, he continued, serves as an 
adjunct of the existing transportation system in Cleveland 
in several capacities: to many passengers it offers a short 
cut in place of a former longer ride; to others it makes 
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possible a new home in an otherwise unserviced territory; 
to others it offers the opportunity to obtain a seat by pay- 
ing a higher fare rather than to ride in a crowded street 
car on a parallel route. Mr. Ballou felt that motorcoaches, 
particularly on account of tires, are not as dependable as 
street cars, and he brought out the idea that until motor- 
coaches can be made as dependable, or very nearly as de- 
pendable, in operation as street cars, the public will not 
adopt them as the most desirable means of transportation. 


Not To REPLACE THE TROLLEY 


Walter Jackson, consulting engineer, in his paper entitled 
How Fares the Bus in Electric Railway Company, referred 
to earlier studies on the place of the motorcoach in electric 
railway operation and then analyzed, according to popula- 
tion and character of service, the majority of electric rail- 
way installations or replacements on which results are now 
available. As a result of these studies and analyses, the 
speaker came to the conclusion that the greatest field of the 
public utility automotive passenger-vehicle does not lie in 
attempting to do the work of the trolleys, but in exploiting 
the desire for speed, luxury and short headways developed 
by 17,000,000 personal automobiles. Mr. Jackson expressed 
the belief that, as personal car operation becomes more and 
more troublesome in busy cities and on congested country 
highways, the small-capacity, de luxe motorcoach can step 
in to do the work at less cost and with less burden on the 
highways. 

The unusually vigorous discussion that followed the pres- 
entation of the two papers was participated in by many of 
the members and guests present, including the following: 
T. Fitzgerald, of the Pittsburgh Railways Co.; Everett W. 
Sweezey, of the Stark Electric Railroad; Edward F. Loomis, 
of the National Automobile Chamber of Commerce; and 
R. E. Plimpton and C. W. Stokes, of Bus Transportation. 


ENGINE-CARBON EFFECT ON DETONATION 


MacCoull Tells Buffalo Section That Deposit Character 


and Thickness Govern 


Methods adopted and the results obtained in an investiga- 
tion of the quantitative effect of engine carbon on detonation 
were described, together with the standard methods of deto- 
nation and carbon-deposition measurement that were used, 
at the meeting of the Buffalo Section that was held on Oct. 5. 
The paper by D. B. Brooks was read by Neil MacCoull, 
automotive engineer of the Texas Co., New York City, and 
it was said that carbon deposition is believed to influence 
detonation in proportion to the greatest thickness of deposit 
over any considerable area of the combustion-chamber sur- 
face. Since this is indicated, it was suggested that detona- 
tion tests should supersede gravimetric carbon-deposition 
tests, inasmuch as the objection to carbon is because of its 
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detonation-inducing characteristics, which are governed by 
the character and the thickness of the deposit. 

The tests were made with a four-cylinder, model DU-8, 
Waukesha motor-truck engine of 4%4-in. bore and 6%-in. 
stroke, direct coupled to a Sprague electric dynamometer. A 
crankcase jacket enabled control of the oil temperature. The 
temperature of the jacket water at the inlet was maintained 
at 100 deg. fahr. and that of the carbureter air at 200 deg. 
fahr. A mercury barometer was attached to the intake- 
manifold for indicating intake-manifold absolute-pressure. 
For antiknock tests, the engine was provided with high- 
compression cylinder-heads and was operated at a speed of 
400 r. p.m. The throttle was opened gradually and the load 
was increased simultaneously until a point was reached at 
which a certain definite standard amount of detonation 
occurred. The intake-manifold absolute pressure was then 
recorded. A calibration was then made by using a standard 
fuel and observing the manifold pressure at which it deto- 
nated. 

Standard fuels were prepared by adding various quantities 
of ethyl gas fluid to Texaco spirits, the latter being a cut 
distilling at a temperature of from 300 to 425 deg. fahr. 
Since these fuels are all composed almost entirely of spirits, 
they are metered identically by the carbureter; therefore, 
the influence of the air-fuel ratio does not enter into the 
work as it does when fuels of different specific gravity and 
viscosity are being tested for antiknock value. 

The carbon-deposit results, excepting the carbon-remover 
tests, were obtained in the course of routine antiknock test- 
work; that is, the deposit was allowed to accumulate for a 
period while routine tests were being made. Hence the 
deposit was formed under non-uniform conditions as regards 
fuel and load. 


EFFECT OF LOCATION OF THE DEPOSIT 


To measure the effect of the carbon on various parts of 
the combustion-chamber surfaces of the engine in increasing 
detonation, the engine was operated for about 40 hr. under 
the standard conditions. It was then dismantled and the 
deposit was scraped from the cylinder-head only, leaving the 
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cylinder-block, the valves and the pistons with a considerable 
depth of carbon. The engine was then re-assembled and 
operated, with frequent calibrations, for another period of 
about 40 hr. Later, the same procedure was used, scraping 
the cylinder-block, the valves and the pistons, instead of 
scraping the cylinder-head. The results were found to be 
uniformly lower than the previous ones, indicating that the 
carbon present in unequal thickness on the cylinder-head and 
the cylinder-block had greater effect per unit quantity on 
detonation than it had when present in approximately equal 
thickness. 


INFLUENCE OF CARBON REMOVER 


A test was made of a popular carbon remover, not on the 
basis of the comparative weight of the carbon deposit but 
on the basis of the comparative detonation-inducing tendency 
of the deposit. Fresh oil was added every 15 min. The 
engine was equipped with a Stromberg carbureter having a 
No. 57 orifice but no needle-valve or idle jet. At the end 
of the 8-hr. test-period, a calibration run was made on the 
series of standard fuels. It was found that the carbon 
deposition caused slightly more detonation when the carbon 
remover was used than when untreated gasoline was used. 


DEDUCTIONS 


(1) In making detonation tests, the carbon deposit 
should not be scraped frequently. The engine 
should operate as much as possible under con- 
stant conditions. If great dependence is to be 
placed on the results, tests should not be made 
immediately after scraping carbon 


(2) Since the primary objection to carbon is its ten- 
dency to increase detonation, carbon-deposition 
tests should be superseded by detonation tests 
that will indicate the detonation-inducing ten- 
dency of the deposit 

(3) The effect of engine carbon is to increase detona- 
tion in proportion to the greatest thickness of 
carbon existing over any considerable area 


Transportation and Service Meeting 


Copley-Plaza Hotel 


Nov. 16 to 18 


Boston 


Five Technical Sessions 


An Inspection Trip of Unusual Interest 


A Banquet for Transportation and Service Men 


You should arrange to be there! 
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The work of the Divisions and Subdivisions 


of the S.A.E. Standards 


Committee and 


other standards activities are reviewed herein 


NOVEMBER MEETING SCHEDULE 


To complete the work of the Subdivisions and Divisions in 
time for all reports to be printed in the January, 1927, issue 
of THE JOURNAL and thus allow sufficient time for the re- 
ports to be studied by the members before the Annual Meet- 
ing, meetings of the Subdivisions and Divisions that have in 
hand reports which should be submitted at the Annual 
Standards Committee Meeting, have been scheduled to be 
held during the first 3 weeks in November. 

In each case definite meeting notices, giving the time and 
place and listing the projects that are to be acted upon, are 
sent to the members of the Subdivisions and Divisions at 
least 3 weeks in advance of the meeting. Standards Com- 
mittee members should consequently consider that the ac- 
companying schedule is tentative until the actual meeting 
notices are received. 


NOVEMBER STANDARDS DIVISION MEETING SCHEDULE 


Date Divisionor Subdivision Time City 
8 Lighting Division 10:00a.m. Detroit 
9 Ground-Return Wir- 9:30a.m. Detroit 
ing-Systems Sub- 
division 
Electrical Equipment 11:00a.m. Detroit 
Division 


10 Engine Testing 10:00a.m. Detroit 
Forms Subdivision 
11 Clutch-Facings Sub- 10:00a.m. Detroit 
division 
Engine Division 10:00 a.m. Detroit 
Transmission Divi- 2:00p.m. Detroit 
sion 
Joint Engine and 3:00p.m. Detroit 
Transmission Divi- 
sions 
17 Propeller-Shaft Sub- 10:00a.m. Boston 
division 
Motorcoach Division 2:00 p.m. Boston 


22 Physical - Property 10:00 a.m. 
Charts Subdivision 

23 Iron and Steel Divi- 10:00 a.m. 
sion 


New York City 
New York City 





PROGRAM OF INTEREST ADOPTED 





Operation and Maintenance Committee Discusses Fleet 
Operation Topics 


The recently organized Operation and Maintenance Com- 
mittee of the Society held a well attended meeting in New 
York City on Oct. 11 to discuss the policy under which it 
should develop its work in the Society and to select definite 
topics to be taken up. It was felt that the developing of 
the operating engineers’ activities in the Society will depend 
largely on the operators’ views and the extent to which they 
will cooperate. Chairman Winchester suggested that the 
organizing of local groups under the Committee, on the 
Western coast, the Eastern coast and possibly in the Central 
States might help materially in making the work of the 
Committee effective. Another interesting suggestion in this 
direction was that THE JOURNAL be issued twice a month in 
order to publish papers and discussions more nearly concur- 
rent with their présentation before the Society or its Sections 
and to make more thorough reading of THE JOURNAL easier. 

The general plan resulting from the meeting was to have 
representatives of the Committee appointed on or to work 
with the Standards Committee, the Research Committee, the 
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Sections Committee, the Meetings Committee, the Member- 
ship Committee and the Publication Committee in the inter- 
est of operating engineers. 
were discussed, principally a standardized system of fleet 
operation and maintenance cost-accounting, to be coordinated 


A number of specific subjects 


with the work of the American Electric Railway Accountants 
Association’s Committee on Bus Accounting; the preparation 
of a standardized performance-test for motor-trucks similar 
to that for passenger-cars printed on p. K25 of the S.A.E. 
HANDBOOK; and the preparation of standard mechanical- 
information-sheets and mechanical-change information-sheets. 
Considerable interest was taken in the suggestion that the 
Committee cooperate with the Motor Vehicle Conference Com- 
mittee and the National Automobile Chamber of Commerce 
looking toward the modification of State motor-vehicle regu- 
lations requiring the recording of engine numbers in operat- 
ing licenses. It was stated that considerable additional ex- 
pense accrues from the necessity of keeping elaborate ac- 
counting systems for maintenance operations, particularly 
where complete engine changes are made in a vehicle. It 
was also thought that the Committee should carry on an edu- 
cational campaign among motor-vehicle operators as to its 
work and to develop activities in the Sections that would 
appeal directly to the fleet operators. Arrangements were 
made for the appointment of Subdivisions to take up the 
subjects referred to above and possibly to hold the next 
meeting of the Committee or its Subcommittees at Boston 
during the Society’s National Transportation and Service 
Meeting on Nov. 16 to 18. 

Those in attendance at the meeting were J. F. Winchester 
chairman; D. L. Bacon, A. K. Brumbaugh, B. H. Chappell, 
C. F. Clarkson, F. K. Glynn, W. R. Gordon, A. W. S. Her- 
rington, F. C. Horner, W. P. Kennedy, J. W. Lord, H. V. 
Middleworth, representing John Stilwell; L. H. Palmer, W. 
H. Roberts, F. J. Scarr, F. E. Spooner, representing R. E. 
Plimpton; C. B. Veal, C. J. Wuestner, representing J. F. 
McMahon, and Standards Manager Burnett. 


BALL-BEARING STANDARDIZATION 





Tentative Recommendation Formulated on Metric 


Thrust and Adapter-Sleeve Types 


Further standardization of ball-bearings was discussed at 
a series of meetings held in New York City on Sept. 29 by 
the Metric Thrust Ball-Bearing Subdivision of the Ball 
and Roller-Bearings Division, the Adapter-Sleeve Bearing 
Subcommittee of the Sectional Committee on Standardization 
of Ball Bearings and members of the Sectional Committee. 
The Subdivision on Metric Thrust Ball-Bearings had been 
asked by the Sectional Committee to prepare a report on 
this type of bearing to be included in the report of the Sec- 
tional Committee. Informal negotiations with the principal 
foreign national standardizing bodies have been under way 
for some time looking toward an American Standard that 
would conform to an international standard. Proposals from 
abroad have been weighed by the Subdivision but study of 
an American practice indicates that it will be better to 
have an American Standard for American use, especially 
since the volume of production by the American manufactur- 
ers of metric thrust ball-bearings is relatively so small and 
the prospect of international business so limited that exten- 
sive changes in the American bearings would be uneconomic. 
It was recalled that the first bearings of this type used in 
this Country were imported and that the resulting American 
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c : : Single direction, Flat type Medium series and 
Double direction, Flat type,Medium series Single direction,Spherical type, Medium series Single direction, Flat type, Heavy series 


TAPLE 1—S!INGLE DIRECTION, FLAT TYPE, MEDIUM SERIES 





Bore Diameter Outside Diameter Height Fillet Corner 
B 2 D H Radius Radius 
Bearing , ~ 
No. Mm. In. Mm. In. Mm. In. Mm. In. Mm. In. Mm. In. 
M 2 10 0.39370 11 0.43307 30 1.18110 12.0 0.47244 0.6 0.023 1.0 0.039 
M 3 15 0.59055 16 0.62992 35 1.37795 14.0 0.55118 1.0 0.039 1.5 0.058 
M 4 20 0.78740 21 0.82677 10 1.57481 14.0 0.55118 1.0 0.039 2.0 0.078 
M 5 25 0.98425 26 1.02362 18 1. 88977 15.0 0.59055 1.0 0.039 2.0 0.078 
M 6 30 1.18110 31 1. 22047 53 2.08662 15.0 0.59055 1.0 0.039 2.0 0.078 
M 7 35 1.37795 36 1.41732 62 2.44095 18.0 0. 70866 1.5 0.058 2.5 0.097 
M 8 10) 1.57481 3 | 1.61417 64 2.51969 18.0 0.70866 1.5 0.058 2.5 0.097 
M 9 45 1.77166 46 1.81102 73 2.87402 20.0 0.78740 1.5 0.058 2.5 0.097 
M10 50 1.96851 51 2.00787 78 3.07087 22.0 0.86614 2.0 0.078 3.0 0.117 
Mil 55 2.16536 57 2.24409 88 3.46457 24.0 0.94488 2.0 0.078 3.0 0.117 
Mi2 60 2.36221 62 2.44095 90 3.54332 24.0 0.94488 2.0 0.078 3.5 0.138 
M13 65 2.55906 67 2.63779 | 100 3.93702 27.0 1.06299 3.0 0.078 3.5 0.138 
M14 70 2.75591 72 2.83465 | 103 4.05513 27.0 1.06299 2.0 0.078 3.5 0.138 
M15 75 2.95277 77 3.03149 | 110 4.33072 27.0 1.06299 2.0 0.078 3.5 0.138 
M16 80 3.14962 $2 3.22834 115 4.52757 31.0 1. 22047 2.0 0.078 3.5 0.138 
M17 85 3.34647 87 3.42519 125 4.92128 34.0 1.33858 2.8 0.097 1. 0 0.157 
M18 90 3.54332 92 3.62206 | 135 5.31498 36.0 1.41732 2.5 0.097 1.0 0.157 
M19 95 3.74017 97 3.81889 140 5.51183 38.0 1. 49607 2.5 0.097 4.0 0.157 
M20 100 3.93702 | 102 4.01574 | 150 5.90553 38.0 1.49607 2.5 0.097 t.0 0.157 
M21 105 4. 13387 108 $. 25196 55 6.10238 40.0 1.57480 2.5 0.097 4.0 0.157 
M22 110 +. 33072 113 4. 44881 160 6. 29923 40.0 1.57480 2.0 0.097 4.0 0.157 
M23 115 4.52755 | 118 4.64566 | 165 6.49608 43.0 1.69291 2.5 0.097 5.0 0.197 
M24 120 4.72442 123 4. 84251 170 6.69293 16.0 1.81102 2.5 0.097 5.0 0.197 
M25 125 4.92128 | 128 5.03936 | 175 6.88978 46.5 1.83071 3.0 0.117 5.0 0.197 
M26 130 5.11813 | 133 5.23621 | 190 7.48035 50.0 1.96851 3.0 0.117 5.0 0.197 
M28 140 5.51183 | 143 5.62991 | 200 7.87405 52.0 2.02724 3.0 0.117 5.0 0.197 
TABLE 2—SINGLE DIRECTION, FLAT TYPE, HEAVY SERIES 
Bore Diameter Outside Diameter Height Fillet Corner 
B Cc D H Radius Radius 
Bearing os 
No. Mm. In. Mm. In. Mm. In. Mm. In. Mm. In. Mm. In. 
H 5 25 0.98425 26 1.02362 52 2.02724 16 0.62992 1.0 0.039 2.0 0.078 
H 6 30 1.18110 31 1. 22047 60 2.36221 19 0.74803 1.0 0.039 2.0 0.078 
H 7 35 1.37795 36 1.41732 68 2.67716 22 0.86614 1.5 0.058 2.5 0.097 
HS8 40 1.57481 41 1.61417 76 2.99214 25 0.98425 L.o 0.058 2.5 0.097 
H 9 45 1.77166 46 1.81102 85 3.34647 28 1. 10236 1.5 0.058 2.5 0.097 
H10 50 1.96851 51 2.00787 92 3.62206 31 1 . 22047 2.0 0.078 3.0 0.117 a 
Hil 55 2.16536 | 57 2.24409 | 100 3.93702 33 1.29916 | 2.0| 0.078! 3.0! 0.117 a 
H12 60 2.36221 62 2.44095 106 4.17324 35 1.37795 2.0 0.078 3.5 0.138 C 
H13 65 2.55906 67 2.63779 | 112 4.40946 36 1.41732 2.0 0.078 3.5 0.138 n! 
H14 70 2.75591 72 2.83465 | 120 4.72442 38 1. 49607 2.0 0.078 3.5 0.138 01 
H15 75 2.95277 77 3.03149 | 128 5.03936 41 1.61417 2.0 0.078 a.o 0.138 ir 
H16 80 3.14962 82 3.22834 136 5.35435 44 1.73228 2.0 0.078 3.5 0.138 s) 
H17 85 3. 34647 87 3.42519 145 5. 70868 47 1. 85039 2.5 0.097 4.0 0.157 0 
H18 90 3. §4332 92 3.62206 155 6.10238 50 1.96851 2.5 0.097 4.0 0.157 t 
H19 95 3.74017 97 3.81889 | 165 6.49608 54 2.10598 2:5 0.097 $1 0 0.157 
H20 100 3.93702 | 102 4.01574 72 6.77167 57 2.24409 2.5 0.097 1 0 0.157 1 
H21 105 4.13387 | 108 4.25196 | 180 7.08663 60 2.36221 2.5 0.097 40)\ 0.157 t 
H22 110 4.33072 | 113 4.44881 | 190 7.48035 63 2.48032 2.5 0.097 1.0 0.157 : 
H23 115 4.52755 | 118 4.64566 | 200 7.84705 66 2.59843 2.5 0.097 5.0 0.197 I 
H24 120 +.72442 | 123 4.84251 | 210 8.26775 69 2.71653 2.5 0.097 5.0 0.197 I 
; 
i 
Standards were based on them. It was therefore decided to radii in the present standards were modified to agree with 


confine the American Standard to the four series now in use, those in the revised annular ball-bearing standards, provision 
namely, the medium and the heavy series, single-direction, being made for the including of tolerances. The opinion 







IS 


flat type; the medium series, single-direction, spherical or 
self-aligning type; and the medium series, double-direction, 
flat type. Comparison of the dimensions used by the several 
bearing manufacturers and the present S.A.E. Standard in- 
dicated general agreement. The corner radii and the fillet 


prevailed that the recommended method of designating sizes 
should supersede the present method because it provides a 
simpler system that can be stamped on the bearings readily. 

The Subcommittee on Adapter-Sleeve Bearings had been 
organized largely because of an inquiry from abroad regard- 
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TABLE 3—SINGLE DIRECTION, SPHERICAL TYPE, MEDIUM SERIES 
Bore Diameter Outside Diam- Diameter Height Height Fillet Corner 
Bearing B ; } eter, D | 9 H , Radius Radius 
No. See xe. Lee MTE | : - oes Se Wee " eee ee es OR a 
| | | } | 
Mm. In. |Mm.| In. \Mm. In. |M m .| In. |Mm.| In. |IMm. In. |Mm.| In. |Mm.| In. 
rt OS | 10 | 0.39370 | 11 | 0.43307 | 30 | 1.18110} 35 | 1.37795 | 14 | 0.55118 | 15.0] 0.59055 | 0.6 | 0.023 | 1.0 | 0.039 
8 3 | 15 | 0.59055 16 | 0.62992 35 | 1.37795 | 38 1.49607 | 15 | 0.59055 17.0} 0.66929 | 1.0 | 0.039 1.5 | 0.058 
S 4 20 | 0.78740 21 0.826 40 | 1.57481 | 45 | 1.77166 16 | 0.62992 18.0) 0.70866 | 1.0 | 0.039 | 2.0 | 0.078 
S 5 |} 25 | 0.98425 | 26 | 1.02362 48 1.88977 | 50 1.96851 | 17 | 0.66929 19.0| 0.74803 | 1.0 0.039 | 2.0 | 0.078 
8S 6 30 | 1.18110 | 31 1.22047 | 53 | 2.08662 | 59 | 2.32284 | 18 0.70866 | 20.0) 0.78740 | 1.0 | 0 039 | 2.0 | 0.078 
S 7 35 1.37795 | 36 | 1.41732 | 62 2.44095 | 67 | 2.63779 | 21 | 0.82677 23.0) 0.90551 1.5 | 0.058 | 2.5 | 0.097 
S 8 40 | 1.57481 | 41 | 1.61417 64 | 2.51969 | 69 | 2.71653 ; 21 0.82677 | 23.0) 0.90551 1.5 | 0.058 | 2.5 | 0.097 
5s 9 45 | 1.77166 | 46 | 1.81102 | 73 2.87402 | 78 | 3.07087 | 25 | 0.98425 | 27.0) 1.06299 1.5 | 0.058 | 2.5 | 0.097 
S10 50 | 1.96851 |" | 2.00787 | 78 | 3.07087 | 83 | 3.26772 | 25 | 0.98425 | 27.0) 1.06299 | 2.0 | 0.078 | 3.0 | 0.117 
Sll 55 | 2.16536 57 | 2.24409 88 | 3.46457 | 94 | 3.70079 | 28 1.10236 | 30.0) 1.18110 | 2.0 | 0.078 | 3.0 | 0.117 
S12 60 | 2.36221 | 62 | 2.44095 | 90 | 3.54332 | 96 | 3.77953 | 28 1.10236 | 30.0} 1.18110 | 2.0 | 0.078 | 3.5 | 0.138 
$13 65 | 2.55906 | 67 | 2.63779 | 100 | 3.93702 | 105 | 4.13387 32 1.25984 | 34.0) 1.33858 | 2.0 | 0.078 | 3.5 | 0.138 
=14 70 | 2.75591 | 72 | 2.83465 103 | 4.05513 | 109 | 4.29135 | 32 1.25984 | 34.0) 1.33858 | 2.0 | 0.078 3.5 | 0.138 
S15 75 2.95277 | 77 3.03149 | 110 | 4.33072 } 114 | 4.48820 32 | 1.25984 34.0} 1.33858 | 2.0 | 0.078 | 3.5 | 0.138 
516 | 80 | 3.14962 | 82 | 3.22834 115 | 4.52757 | 124 | 4.88190 | 35 1.37795 | 37.0) 1.45669 | 2.0 | 0.078 | 3.5 | 0.138 
$17 85 | 3.34647 | 87 | 3 | 125 | 4.92128 | 138 | 5.43308 | 38 | 1.49607 | 40.0) 1.57481 2.5 | 0.097 | 4.0 | 0.157 
$18 90 3.54332 92 3 y 135 5.31498 141 5.55119 38 1.49607 | 40.0) 1.57481 2.5 | 0.097 | 4.0 | 0.157 
$19 95 | 3.74017 97 | 3.81889 | 140 5.51183 | 151 5.94489 41 1.61417 | 43.5) 1.71261 2.5 | 0.097 | 4.0 | 0.157 
$20 100 3.93702 102 | 4.01574 150 | 5.90553 | 156 | 6.14174 41 1.61417 | 44.0) 1.73230 2.5 | 0.097 | 4.0 | 0.157 
$21 105 4.13387 108 | 4.25196 | 155 | 6.10238 163 | 6.41733 46 1.81102 | 49.0) 1.92915 | 2.5 | 0.097 | 4.0 | 0.157 
S22 110 4.33072 113 | 4.44881 | 160 | 6.29923 | 170 6.69293 | 46 | 1.81102 | 49.0) 1.92915 2.5 0.097 | 4.0 | 0.157 
$23 | 115 | 4. 52755 118 4.64566 165 | 6.49608 | 173 | 6.81104 49 1.92913 52.0} 2.02724 | 2.5 | 0.097 | 5.0 | 0.197 
$24 | 120 | 4.72442 123 4. | 170 | 6.68293 180 | 7.08663 | 49 | 1.92913 52.0| 2.02724 | 2.5 | 0.097 5.0 0.197 
$25 125 | 4.92128 | 128 | 5 | 175 | 6.88978 | 186 | 7.32285 53 | 2.08662 56.0) 2.18472 | 3.0 | 0.117 | 5.0 | 0.197 
$26 | 130 5.11813 133 5 190 | 7.48035 | 200 | 7.87405 | 56 | 2.20473 60.0) 2.36221 3.0 | 0.117 | 5.0 | 0.197 
$28 140 | 5.51183 143 | 5.6 200 | 7.87405 | 212 | 34649 60 | 2.36221 | 62.0} 2.44095 | 3.0 | 0.117 5.0 | 0.197 
| | | 
TABLE 4—-DOUBLE DIRECTION, FLAT TYPE, MEDIUM SERIES 
Bore Diameter Outside Diameter | Height Fillet Corner 
B A D H Radius Radius 
Bearing eee ee ee ae (a eee | 2 chcaieck : We PEE iad ston 
No. Mm. In. Mm. | In. | Mm. | In. | Mm. | In. Mm. In. Mm. In. 
D 2 10 0.39370 5 | 0.19685 30 | 1.18110 23.5 0.92520 0.6 0.023 1.0 | 0.039 
D 3 15 0.59055 10 0.39370 35 | 1.37795 | 25.0 0.98425 1.0 | 0.039 1.5 0.058 
D5 25 | 0.98425 15 0.59055 | 48 1.88977 | 27.0 1.06299 1.0 0.039 2.0 0.078 
D 6 30 1.18110 | 20 0.78740 53 2.08662 | 28.0 1.10236 1.0 0.039 2.0} 0.078 
D 7 35 1.37795 | 25 0.98425 62 2.44095 28.0 1.10236 1.5 | 0.058 2.5 0.097 
D8 40 1.57481 30 1.18110 64 2.51969 32.0 1.25984 | 1.5 0.058 2.5.| 0.097 
D9 45 1.77166 35 1.37795 73 2.87402 38.0 1. 49607 1.5 0.058 2.5 0.097 
D10 50 1.96851 40 1.57481 78 3.07087 38.0 | 1.49607 2.0 0.078 3.0 0.117 
Dil 55 2.16536 45 1.77166 | 88 3.46457 45.0 | 1.77166 2.0 0.078 3.0} 0.117 
D1i2 60 2.36221 50 1.96851 90 3.54332 45.0 1.77166 | 2.0; 0.078 | 3.5 |. 0.138 
D13 65 2.55906 55 2.16536 | 100 3.93702 | 48.0 1.88977 2.0 0.078 3.5 | 0.138 
D14 70 2.75591 | 60 2.36221 103. | 4.05513 | 48.0 1.88977 | 2.0 0.078 3.51 0.138 
D15 75 2.95277 | 65 2.55906 | 110 4.33072 | 52.0 2.02724 | 2.0 0.078 3.8 0.138 
D16 80 3.14962 | 70 2.75591 | 115 4.52757 | 56.0 2.20473 | 2.0 0:078 | 3.5 0.138 
D17 85 3.34647 75 2.95277 | 125 4.92128 | 62.0 | 2.44095 | 2.5 0.097 4.0 0.157 
D18 90 3.54332 80 3.14962 | 135 5.31498 64.0 | 2.51969 | 2.5 | 0.097 4.0 0.157 
D19 95 3.74017 85 3.34647 | 140 5.51183 | 68.0 2.67716 2.5 0.097 4.0 | 0.157 
D20 100 3.93702 90 3.54332 | 150 5.90553 | 68.0 | 2.67716 2.5 | 0 .097 | 4.0| 0.157 
D21 105 4.13387 95 3.74017 155 6.10238 | 73.0 | 2.87402 | 2.5 0.097 4.0 0.157 
D23 115 | 4.52755 | 105 4.13387 | 165 a 49608 | 78.0 3.07087 2.5 | 0.097 5.0 | 0.197 
D25 125 4.92128 | 110 4.33072 | 175 6.88978 82.0 | 3.22834 | 3.0 0.117 5.0 0.197 
D28 140 5.51183 | 120 4.72442 | 200 7.87405 | 92.0 3.62206 3.0 0.117 5.0 | 0.197 





ing American practice, and investigation by the Sectional 
Committee indicated the desirability of formulating a defi- 
nite standard. The Subdivision’s recommendation was based 
on the predominating volume of manufacture of these bear- 
ings in America and was restricted to sizes up to a maximum 
shaft-diameter of 5 in. as representing the bulk of this type 
of bearing used. It was felt that for larger shaft sizes this 
type of bearing is not so well suited as other special forms. 
The accompanying recommendation by the Subcommittee has 
therefore been referred to the bearing manufacturers for 
approval before it is included in the Sectional Committee’s 
report on the American Standard for ball-bearings. The 
principal feature of this type of bearing in which American 
manufacturers differ is the angle of taper on the sleeve and 
in the bearing bore, but action taken at the meeting should 
lead to the manufacturers using the same taper. 

The members of the Sectional Committee who were present 
discussed briefly the reports of progress on the subjects re- 
ferred to above and also the draft of the Sectional Com- 
mittee’s complete report on ball-bearing standards. The lat- 
ter covers the light, medium and heavy series of annular 
ball-bearings upon which informal international agreement 
has practically been effected. These bearings conform to the 


S.A.E. Standard but extend beyond the range of sizes in- 
cluded in the latter. The report also covers the extra-wide- 
type ball-bearings that conform to the S.A.E. Standard but 
differ considerably in width from the foreign double-row 
ball-bearings. 

The Sectional Committee’s report, when completed and 
approved by the Committee, will be referred to the American 
Society of Mechanical Engineers and the Society of Auto- 
motive Engineers as sponsors. It will be submitted for ap- 
proval to the Ball and. Roller-Bearings Division of the latter 
in accordance with regular S.A.E. Standards procedure. It 
will then be referred to the American Engineering Standards 
Committee for final approval as American Standard. 

The members present also discussed an inquiry submitted 
by the Electric Power Club as to the possibility of reducing 
the tolerances in the standard for annular ball-bearings, it 
having been indicated that trouble had been experienced in 
electrical machinery with loose fits of bearings in their hous- 
ings, particularly when the bearings were of minimum out- 
side-diameter and the housing bores of maximum diameter. 
The bearing manufacturers pointed out, however, that after 
years of experience they were able to produce bearings with- 
in the standard tolerances but that to decrease these toler- 
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show that, whereas, only 7 designs for the midship mounting 
were produced in 1918, over 254 designs had been worked oyt 
in 1925 and were being serviced. Since then conditions haye 
not improved. 
In view of the need for a design that could be generally 
et ; adopted, a Subdivision on Three-Joint Propeller-Shafts was 
K ap k appointed by the Motor Truck Division in 1924. In the 
Taper per side ' original recommendation of the Subdivision, which was sub. 
#3 Lin. per 24in length Srrall diam of faper | mitted to manufacturers for comment in August, the replies 
or ded p doometirs de sa nominal received were in general favorable with the exception that 
tT correspor rg . . : ene 6 . ° 
Taper incluc e eT ne a the design of the housing was criticized in certain details 
angle is 2in per 24in size of annular bea g i "é BAL : ce ci ity . 
yee he housing was consequently revised and the revised recom. 
9g v. mendation, as given in the accompanying table, was resub. 
y mitted to industry. 
sia Bolt -Holes 
N | for Attaching 
NN | . . 
S\\  Griversal-Joint 
NY \ ‘ 
N 
ADAPTER-SLEEVE BEARINGS 4 
Shaft Diameter 
ea ciclaieee oS hi See Bearing Sizes 
Sleeve In. | Mm. 
No. | — — — — 
i\American| English Metric | Light Medium 
4 ye ais 17 | 204 304 
5 aid 34 20 205 305 a 
6 18 l 25 206 306 vw 
7 13% 1} 30 207 307 Go eT leg WW 
7 16 1% : a a Flingers on Hub to have é 
16 2 206 306 
10 Lk, 134 45 210 310 45 ots equally spaceol 
11 115 2 50 211 311 
13 | 2% 24% 60 213 313 PROPOSED S.A.E. STANDARD DIMENSIONS FOR THREE-JOINT 
15 | 2% 2% 65 215 315 PROPELLER-SHAFT MIDSHIP MOUNTING 
16 216 234 70 216 316 a 2 
7 915 3 75 217 317 lube Diameter 
‘ “716 io wid ™ 9 > 91 91 “ 
18 3% 3% 80 218 318 (A), in. 2 2 2% 2% 3 
20 | 3% 3% 90 | 220 320 B, maximum, in. 1.692 1.880 2.130 2.380 2.567 
2 | Bde 334 95 221 321 B, minimum, in. 1.687 1.875 2.125 2.375 2.562 
22 | 3% 4 100 222 322 C, maximum, in. 1.378 1.575 1.772 1.969 2.166 
) 4°%6 44 110 224 324 C, minimum, in. 1.377 1.574 1.771 1.968 2.165 
26 | 4% 4h0 1156 | 226 326 D, maximum, in. 1.374 1.499 1.624 1.874 2.124 
28 4196 5) 125 228 328 D, minimum, in. 1371 1.496 1.621 1.871 2.121 
= nt _ slid scat il x E 13g-18 14%4-18 15-16 17-16 2%-16 
Notes.—The taper of the sleeve is 1 in. per 24 in. of length, S.A.E. Taper Shaft 1 2 1 3 9 
per side; that is, 2 in. per 24 in. of length, included angle. End (F) 1% 138 1% 1% 2 
The diameter of the smal] end of the tapered bore in the G, in. 15% 1% 1% 2 2% 
bearing is the same as the nominal bore diameter in the H.in 49 27 59 1 1s 
corresponding size of annular ball-bearing. az a $) la _ an 
The shaft diameters refer te shafts finished to the American ], in. ] 16 1t 143 1t% 2s 
and to the corresponding English and metric sizes of line- J,in. Ve a Pn x +k 
shafts. Bearing No.’ 307 308 309 £310 ~ 38ii 
‘ ‘ ‘The type of housing shown, intended as S.A.E. Recom- 
ances would increase the cost of the bearings. They also 


explained that when purchasers require bearings for closer 
fits, they can be obtained from stock by selection, and that 
if bearings of still closer dimensions are desired they can 
be made as precision bearings at additional cost. Discussion 
indicated that it was felt by those in attendance that the 
tolerances specified in the present standards should be main- 
tained. 

Those in attendance at the meetings were G. E. Hulse, 
chairman pro tem; D. E. Batesole, representing G. R. Bott; 
H. E. Brunner; E. R. Carter; T. C. Delaval-Crow, repre- 
senting F. G. Hughes; H. N. Parsons; J. S. Tawresey; J. F. 
Trudeau, representative of the Electric Power Club; and 
Standards Manager Burnett. 


MIDSHIP MOUNTING REDESIGNED 


Subdivision on Three-Joint Propeller-Shafts Submits 
Revised Specification 

Probably no part in motorcoach or motor-truck construc- 

tion varies more in design than the midship mounting of 


three-joint propeller-shafts. Indicative of this situation, the 
records compiled by one manufacturer of universal-joints 


mended Practice only, is designed for use with a self-aligning 
ball bearing. In this construction the slip-joint on the 
forward section of the shaft is eliminated as the design of 
the housing permits the bearing to move endwiss In special 
cases where a slip-joint is used, a special design of housing 
is required. 


S.A.E. STEELS TO BE REVISED 


Phosphorus and Sulphur Limits Increased 0.005 Per 
Cent and Three Steels Added 


The accompanying table gives the proposed S.A.E. Stand- 
ard iron and steel chemical compositions as revised at the 
last meeting of the Iron and Steel Division. The changes 
proposed in the S.A.E. Standard Specifications now printed 


in the S.A.E. HANDBOOK are indicated by bold-face figures. 
The principal changes involved are: 


Higher sulphur and phosphorus limits proposed by 
the Metallurgical Subcommittee of the General Motors 
Corporation have been adopted. These are in general 
0.005 per cent higher than the present S.A.E. limits. 

The manganese limits for S.A.E. Steels 2320, 3415 
and 6120 have been changed to 0.30 to 0.60 per cent as 
they are case-hardening steels. 
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PROPOSED S.A.E. STANDARD IRON AND STEEL CHEMICAL COMPOSITIONS 
(The changes recommended are indicated by bold-face figures.) 
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Silicon Nickel | Chromium |_______-—| Molybde- | Tungsten 
Steel Range tange Maximum | Maximum {ange Range Range Mini-| De- num | Range 
‘j mum | sired | Range 
010 | 0.05-0.15 | 0.30-0.60 | 0.050 0.055 | | 
1015 | 0.10-0.20 | 0.30-0.60 0 .050 0 .055 
1020 | 0.15-0.25 | 0.30-0.60 | 0.050 0 .055 
1025 | 0.20-0.30 | 0.50-0.80 | 0 .050 0 .055 
1030 | 0.25-0.35 | 0.50-0.80 0 .050 ee, ee ee ie, ce es ee Fn 
1035 | 0.30-0.40 | 0.50-0.80 | 0.050 | 0.055 
eee-0.45 | 0.50-0.50| C8. | OO | un... | onpell Ope \nsdoo pe thie fae Bk ees 
1045 | 0.40-0.50 | 0.50-0.80 | 0.050 0 .055 
1046 | 0.40-0.50 | 0.30-0.50 0 .050 0 .055 
1050 | 0.45-0.55 | 0.50-0.80 | 0.050 0 .055 
1095 | 0.90-1.05 | 0.25-0.50 | 0.045 0.050 
1112 | 0.08-0.16 | 0.60-0 .90 |0.090—-0. 130 0.075-0. 150 
1120 | 0.15-0.25 | 0.60-0.90 | 0.060,0.075-0. 150 
1235 | As required 0.050 | 0.050 
1350 | 0.45-0.55 | 0.90-1.20 0.045 | 0.050 
1360 | 0.55-0.70 | 0.90-1.20 | 0.0465 | 0.050 Webs o t | ah aia 
2015 | 0.10-0.20 | 0.30-0 .60 0.045 | 0.050 0 .15-0 .30 | 0 .40-0 .60 
9115 | 0.10-0.20 | 0.30-0.60| 0.045 | 0.050 | 0.15-0.30 | 1.25-1.75 
9315 | 0.10—-0.20 | 0.30-0.60 | 0.045 0.050 | 0.15-0.30 | 3.25-3.75 
2320 | 0.15-0.25 | 0.30-0.60 | 0.045 | 0.050 0 .15-0 .30 | 3.25-3.75 
2330 | 0.25-0.35 | 0.50-0.80 | 0.045 0.050 | 0.15-0.30 | 3.25-3.75 
2335 | 0.30-0.40 | 0.50-0.80 | 0.045 0 .050 O.50-O 201 'S.96-8. 78 OP A Pi Poe Be a 
92340 | 0.35-0.45 | 0.50-0.80 | 0.045 0 .050 0 .15-0 .30 | 3.25-3.75 
2345 | 0.40-0.50 | 0.50-0.80 | 0.045 0.050 | 0.15-0.30 | 3.25-3.75 
2350 | 0.45-0.55 | 0.50-0.80 | 0.045 0.050 | 0.15-0.30 | 3.25-3.75 
2512 0.17 | 0.30-0.60 | 0.045 0.050 | 0.15-0.30 | 4.50-5.25 | | 
3115 | 0.10-0.20 | 0.30-0.60 | 0.045 0 .050 0 15-0 .30 | 1.00-1.50 | 0.45-0.75 | 
3120 | 0.15-0.25 | 0.30-0.60 | 0.045 0 .050 0 .15-0 .30 | 1.00-1.50 | 0.45-0.75 | 
3125 | 0.20-0.30 | 0.50-0.80 | 0.045 | 0.050 | 0.15-0.30 | 1.00-1.50 | 0.45-0.75 | 
3130 | 0.25-0.35 | 0.50-0.80 0.045 {| 0.050 0 .15-0 .30 | 1.00-1.50 | 0.45-0.75 
3135 | 0.30—-0.40 | 0.50—-0.80 0.045 (| 0.050 0 .15-0 .30 | 1.00-1.50 | 0.45-0.75 | 
3140 | 0.35-0.45 | 0.50-0.80 | 0.046 | 0.060 | 0.15-0.30 | 1.00-1.50 | 0.45-0.75 | 
$215 | 0.10-0.20 | 0.30-0.60 | 0.0465 | 0.050 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25] .... |...) 22... | wee, 
3220 | 0.15-0.25 | 0.30-0.60 0 .045 0.050 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25 
3230 | 0.25-0.35 | 0.30-0.60 0 .045 0.050 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25 ‘ye: 
3240 | 0.35-0.45 | 0. 30-0. 60 0.045 | 0.050 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25 Spe Ab 
3245 | 0.40-0.50 | 0.30-0.60 | 0.045 | 0.050 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25 
3250 | 0.45-0.55 | 0.30-0.60 | 0.040 | 0.040 | 0.15-0.30 | 1.50-2.00 | 0.90-1.25 eG. et! 2k ud eee 
3312 0.17 | 0.30-0.60 | 0.045 0 .050 015-0 .80 | 3.25-3.75 | 1.25-1.75 | 
3325 | 0.20-0.30 | 0.30-0.60 | 0.045 0 .050 0 .15-0 .30 | 3.25-3.75 | 1.25-1.75 
3335 | 0.30-0.40 | 0.30-0.60 | 0.045 | 0.050 0 .15-0 .30 | 3.25-3.75 | 1.25-1.75 
3340 | 0.35-0.45 | 0.30-0.60 | 0.045 | 0.050 0 .15-0 .30 | 3.25-3.75 | 1.25-1.75 
} | 
3415 | 0.10-0.20 | 0.30-0.69 | 0.045 | 0.050 0 .15-0 .30 | 2.75-3.25 | 0.60-0.95 
3435 | 0.30-0.40 | 0.45-0.75 | 0.045 0.050 | 0.15-0.30 | 2.75-3.25 | 0.60-0.95 Bee Beaty ck 
3450 | 0.45-0.55 | 0.45-0.75 | 0.045 0 .050 0 .15—0 .30 | 2.75-3.25 | 0.60-0.95 | 
| | } } 
4130 | 0.25-0.35 | 0.60-0.80| 0.045 | 0.050 | 0.15-0.30 | | 0.50-0.80 | | 0. 15-0. 25 
4140 | 0.35-0.45 | 0.50-0.80 | 0.045 | 0.050 0 .15-0 .30 | 0.80-1.10 | 0.15-0.25 |. ..... 
4150 | 0.45-0.55 | 0.50-0.80 | 0.045 | 0.050 0 .15-0 .30 | 0.80-1.10 Q.15-0.25 | 
4615 | 0.10-0.20 | 0.30-0.50| 0.045 0.050 | 0.15-0.30 | 1.25-1.75| ..... | 0.20-0.30 | 
5120 | 0.15-0.25 | 0.30-0.60 |. 0.045 0.050 | 0.15-0.30 | 0.60-0.90 | | 
5140 | 0.35-0.45 | 0.50-0.80 0 .045 0 .050 0 .15—0 .30 0.80-1.10 | .... 
5150 | 0.45-0.55 | 0.50-0.80 0 .045 0 .050 0 .15—0 .30 | 0.80-1.10 | .. 
82100 | 0.95-1.10 | 0.20-0.50 | 0.035 0.035 | 0.15-0.30 | | 5 SS eee ee 
| | | | 
6115 | 0.10-0 .20 | 0.30-0.60 | 0.045 | 0.050 | 0.15-0 .30 | 0 .80—-1 .10 | 0.15 | 0.18 | 
6120 | 0.15-0.25 | 0.30-0.60| 0.045 | 0.050 | 0.16-0.30 | | 0.80-1.10 | 0.15 | 0.18 
6125 | 0.20-0.30 | 0.50-0.80 0.045 | 0.050 0 .15-0 .30 | 0.80-1.10 | 0.15 | 0.18 
6130 | 0.25-0.35.| 0.50-0.80 0.045 | 0.050 0 .15-0 .30 | | 0.80-1.10 | 0.15 | 0.18 | 
6135 | 0.30-0.40 | 0.50-0.80 0.045 | 0.050 0 .15-0 .30 | 0.80-1.10 | 0.15 | 0.18 | 
6140 | 0.35-0.45 | 0.50-0.80 0 .045 0 .050 0 .15-0 .30 | | 0.80-1.10 | 0.15 | 0.18 
6145 | 0.40-0.50 | 0.50-0.80 0 .045 0 .050 0 .15—0 .30 0.80-1.10 | 0.15 | 0.18 | 
6150 | 0.45-0.55 | 0.50-0.80 0 .045 0.050 (| 0.15-0.30 0.80-1.10 | 0.15 | 0.18 
6195 | 0.90-1.05 | 0.20-0.45 0 .035 0 .035 0 .15—0 .30 | 0:80-1.10 | 0.151 O38}. wes |} ies 
71360 | 0.50-0.70 0.30 0 .040 0.040 | 0.15-0.30 3.00-4.00 | mat Gear 12.00-15.00 
1660 | 0.50-0.70 | 0.30 0 .040 0.040 | 0.15-0.30 | 3.00-4.00 15.00-18.00 
7260 | 0.50-0.70 0.3 0.040 0.040 | 0.15-0.30 | | 0.50-1.00 | 1. 50-2. 00 
| | ' 
9250 | 0.45-0.55 | 0.60-0.90 | 0.045 0.060 | 1.80-2.20 Pera bees Tr ee 
9260 | 0.55-0.65 | 0.60-0.90 | 0.045 | 0.060 | 1.80-2.20 | Bes tek 
ee aT ee + a se) We aes EB & 
451 
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S.A.E. Steel 6115 has been included as it is needed 
for case-hardened parts, S.A.E. Steel 6120 not being a 
case-hardening steel. 

The manganese range for the 4100 series has been 
changed to 0.50 to 0.80 to have the manganese content 
uniform in all S.A.E. Steels. 

The high limit for the manganese range for S.A.E. 
Screw Stock 1112 has been changed from 0.80 to 0.90 
per cent as the higher limit is considered advantageous. 

A silicon range of from 0.15 to 0.30 per cent has 
been added to all alloy steels to assure a proper melting 
process and proper machinability. 

S.A.E. Steels 2015 and 2115 covering % and 1%-per 
cent nickel respectively have been added in view of the 
fact that a considerable tonnage of these steels is used 
and confusion has resulted in the numbers used by 
different companies for designating the different com- 
positions. 

These changes were approved, subject to letter-ballot, at 
the last meeting of the Iron and Steel Division. Final 
action will not be taken until comments are received from 
industry with regard to the desirability of the changes 
proposed and in accordance with this decision, preprints 
of the accompanying table have been submitted for com- 
ment to all steel and vehicle manufacturers. 


WIRING CODE PROPOSED 


Report To Be Acted Upon at Nov. 9 Meeting of Elec- 
trical Equipment Division 


The present S.A.E. Standard for Ground-Return Wiring- 
Systems, printed on B28 to B30 inclusive, has been reviewed 
by the Subdivision on Ground-Return Wiring-Systems and 
a revised code, which is given hereinafter, will be submitted 
for adoption at the meeting of the Electrical Equipment 
Division in Detroit on Nov. 9. 

The report has been submitted to automobile and electrical 
equipment manufacturers for comment so that the Division 
members, when acting on the report, may base their decision 
on comments received from industry. 

The Chairman of the Subdivision responsible for the report 
is W. B. Churcher, of the White Motor Co., the other mem- 
bers being G. D. Becker, of the Underwriters’ Laboratories; 
C. F. Gilchrist, of the Electric Auto-Lite Co., and W. S. 
Haggott, of the Packard Electric Co. 


GROUND-RETURN WIRING-SYSTEMS 
Proposed S.A.E. Recommended Practice 


The systems of installation commonly known as “two- 
wire” and “single-wire” shall be termed respectively 
“insulated-return” and “ground-return” systems. 

Installations, apart from magneto ignition installa- 
tions, in which the chassis frame is used as part of 
the return circuit shall be considered as “ground-re- 
turn” systems. 

Insulated Cable.—All conductors shall be made of 
stranded, tinned copper wires, but starting-motor wire 
may be untinned. The insulated cable shall have an 
approved insulation and approved colors shall be used 
as a means of identification. For attaching to binding- 
posts copper terminals shall be soldered to the con- 
ductors and clamped to the insulation. The cross-sec- 
tion of the conductor shall be not less than the equiva- 
lent of 16 B. & S. gage and at normal load the poten- 
tial loss shall not exceed 3 per cent. 

Cenduit.—Insulated cable shall be protected by metal 
armor or by unpacked metallic or non-metallic con- 
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duit except where otherwise protected or where not in 
contact with metal surfaces. 

Metallic conduit shall be provided at open ends and 
where it enters junction-boxes with ferrules having 
rounded edges. 

Metallic conduit, covering insulated cable, led to a 
connector, shall be soldered to the inside of the sleeve 
member of the connector. 

Wires unprotected with conduit shall be fastened 
with cleats at intervals not exceeding 24 in. Wires 
protected with conduit shall be fastened at intervals of 
36 in. with metal clips secured by bolts or wood screws, 
Staples shall not be used. 

No wire shall be nearer to the exhaust-pipe than 1% 
in. 

A minimum clearance of 1 in. shall be maintained 
between conduit or wires and the carbureter and the 
gasoline-tank or any gasoline-pipe or moving part. 

All holes in metal members through which wires pass 
shall have the edges rolled or shall be provided with 
rubber bushings. 

Grounding.—Wherever an insulated cable is con- 
nected to “ground” the connection shall be placed so 
as to be accessible for repair. 

All “ground”’-return connections shall be made to the 
chassis frame or to a substantial part firmly attached 
to the frame at two or more places. 

Connections shall be made to chassis parts in con- 
tradistinction to body parts. 

Conductors shall be connected to the frame by term- 
inals soldered to the conductors. 

The surfaces on which the terminals contact shall 
be clean and free from oxide or paint. The terminals 
shall be fastened to the frame by screws or bolts. The 
contact surfaces of the frame should be tinned. 

The storage-battery should be “grounded” on the 
positive side by only one conductor, a copper lug being 
sweated to it and fastened by two bolts to the frame, 
not to an attached member. 

Apparatus, other than _ ignition, intentionally 
“ovrounded” within itself shall be so constructed that 
for inspection or test the “ground” can be opened with- 
out dismantling the apparatus. 

Storage-Battery.—The storage-battery shall be in- 
stalled so that an overflow of electrolyte will not cause 
appreciable leakage of current. 

The storage-battery compartment, or metal parts 
near the storage-battery, shall be painted with an acid- 
resisting paint and shall be provided with openings of 
a size to provide ample ventilation and drainage. At 
the point where the live line passes through a metal 
compartment the cable shall be protected against 
grounding by an acid and waterproof insulating bush- 
ing. 

Protective-Devices.—The current to all low-tension 
circuits, except starting-motor and ignition circuits, 
shall pass through multiple protective devices connected 
to the storage-battery feed side of switches. 

The circuits shall be so arranged that the opening of 
a protective device will not extinguish all the light. 
Inspection-lamp cord plug-socket shall be connected to 
an unprotected live circuit. A permanently connected 
inspection-lamp cord shall be protected by an individual 
fuse. 

Protection against Accidental Short-Circuits—All 
connecting-posts on generators, lamps, cut-outs, regu- 
lators, accessories, and fuse and junction blocks shall 
be so constructed or installed that a short-circuit can- 
not be accidentally effected. 
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Journal-Bearing Lubrication 


By H. A. S. Howarra! 
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ABSTRACT 


LBERT KINGSBURY ’S experiments on the lubrica- 

tion of journal-bearings, with special reference to 
the prevention of wear through the separation of the 
surfaces by proper construction and oiling, are de- 
scribed in detail. 

Bearings are first classified and an equation is given 
for the factors that influence the friction of an oil-film, 
which is of calculable amount. Neglecting gravity, no 
pressure is said to be present in the oil-film so long 
as the journal and the bearing are concentric, but the 
greater the eccentricity, the greater will be the pres- 
sure. Theoretically, it is impossible to make the journal 
touch the bearing while the journal rotates and an oil- 
film fills the clearance space. But just as the pres- 
sures in the oil-film increase with the eccentricity, so 
also increases the frictional resistance to rotation of 
the journal. 

Based on these facts, the important experimental and 
mathematical studies in the field of lubrication are dis- 
cussed, beginning with the measurement of friction by 
Beauchamp Tower in England in 1883 and 1885, the 
mathematical theory of fluid lubrication by Osborne 
Reynolds in 1886, the extension or simplification of the 
mathematical theory by Petroff, Sommerfeld and Har- 
rison, and the experimental work of Albert Kingsbury, 
some of which led W. J. Harrison to simplify and ex- 
tend farther the mathematical theory of Reynolds in 
1913. 

During his experiments at Cornell University in 
1888, Mr. Kingsbury, by skillfully fitting with equal 
care various bronze bearings to the journal of the 
testing-machine, was able to measure the friction of the 
oil alone; and it was found to be the same with all 
bearings. By measuring the air-film thicknesses, the 
pressures and the friction all round an air-lubricated 
journal-bearing, he then confirmed the correctness of 
Reynolds’ mathematical explanation of lubrication. To 
him belongs the credit of obtaining the lowest reliable 
experimentally determined coefficient of friction, for an 
oil-lubricated journal, namely, 0.00053. Other researches 
showed the oil viscosity to be a direct factor in the 
friction of journal-bearings, being inversely propor- 
tional to the film thickness down to the least thickness 
that could be measured, which was about 0.000025 in. 
Views and explanations are given of some of the ex- 
perimental apparatus employed by Mr. Kingsbury in 
his researches, and general rules are added for the bor- 
ing of bearings and the use of oil-grooves. 


HAVE been requested to describe Mr. Kingsbury’s 
experiments on the lubrication of journal-bearings, 
stressing their surface separation that prevents wear 
Before 
going into details about any phase of the subject I wish 
to draw your attention briefly to the following classifica- 


when they are properly constructed and oiled. 


tion of bearings: 
(1) Rotation 

(a) Continuous 
(1) in one direction 
(2) in either direction 

(b) Oscillating 
(1) wide angle 
(2) small angle 


_ 


*Kingsbury Machine Works, Inc., Frankford, Philadelphia. 


of the bearing. 
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Fic. 1—TyYPICAL SHORT BEARING 


That at 


(2) Speed 


(a) High 
(b) Medium 
(c) Low 


(3) Pressure 
(a) Unidirectional 


(b) Reversible 


(4) Lubrication 


The Bearing Is One Journal 
Running Clearance, n, and Runs at Moderate Speed in One Direction 
Only. The View at the Left Shows the Journal Running Concentric, 


the 


Diameter 


Right, Eccentric 


(a) Copious and continuous 
(b) Seanty and intermittent 


(5) Design 
(a) Long or short 
(b) Full or partial 


(c) Clearance or fitted 
(d) Plain or grooved 


M = (1.65 » d*1N)/(2n/d) in-lb. 
In this equation, we find the factors that influence the 
friction 


the bearing are concentric. 
calculable amount, however. 
tion, will be 


d = diameter of journal, in inches 





Long, Is 


Bored with a 


Let us first examine a short bearing, like that shown 
in Fig. 1, one journal diameter long, bored with a run- 
ning clearance, 4, in which the journal runs at moderate 
speed in one direction only. 
bearing except the oil-distributing channel at the top. 
The oil flows down from this as fast as it leaks away at 
the bottom. 

If the shaft is vertical and so balanced that there is no 
force to move it sidewise, it will run exactly in the center 
Neglecting gravity, there will be no 
pressure within this oil-film so long as the journal and 
There will be friction of a 
Its moment, resisting rota- 


There is no groove in the 


(1) 


u = coefficient of viscosity of the oil, in pounds, inches, 

seconds 
The more viscous the oil, the greater will be the fric- 

tion. 
n= the radial clearance, in inches 
The greater the clearance, the less will be the friction. 
N = revolutions per minute 
The higher the speed, the greater will be the friction. 
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Fic. 2—ArrR-LUBRICATED JOURNAL ARRANGED FOR TURNING BY HAND 
Within a Hollow Cylinder Closed at One End Was a Carefully 
Fitted Journal That Could Be Rotated by Means of a Handle. 


When Given a Hard Turn by Hand, the Journal 
Several Minutes 


Would Run for 


The larger the diameter, the greater will be the fric- 
tion. 

1 = length of bearing, in inches 

The shorter the length, the less will be the friction. 


Obviously, the shaft might run in closer proximity to 
one side so that the least film-thickness would be 0.5, 
and the greatest 1.54. The axial eccentricity would be 
0.57, or 50 per cent of the radial clearance. This per- 
centage of eccentricity is designated by the letter c. 
The journal will not run eccentrically, however, unless 
it is pushed over. When pushed out of center, the 
journal meets opposition from pressures that then arise 
in the oil-film. The greater the eccentricity, the greater 
will be these pressures. Theoretically, it is impossible, 
with a finite pressure, to make the journal touch the 
bearing so long as the journal rotates and an oil-film fills 
the clearance space. Just as the pressures in the oil- 
film increase with the eccentricity, so also the frictional 
resistance to rotation of the journal increases. 


See Proceedings of the 


Institution of Mechanical 
November, 1883, p. 632; 


Engineers, 
and January, 1885, p. 58. 


%See Philosophical Transactions of the 
vol. 177, part 1, p. 157. 


Royal Society of London, 











Fig. 3 


Cross-SECTION OF AIR-LUBRICATED JOURNAL-BBRARING 
Shown Diagrammatically Is an Insulated Set-Screw, Which Was Used 
for Measuring the Thickness of the Air-Film 
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EXPERIMENTAL AND MATHEMATICAL STUDIES OF Luppy. 
CATION 


With these facts in mind, I should like next to speak 
of important experimental and mathematical studies that 
have been made in the field of lubrication. The first ip. 
portant measurements of friction were made by Beay. 
champ Tower in England in 1883 and 1885. Then, ip 
1886, Prof. Osborne Reynolds, of England, developed the 
mathematical theory of fluid lubrication. This mathe. 
matical theory has been extended or simplified by others, 
notably Petroff, Sommerfeld, and W. J. Harrison. [yp 
the experimental field, Albert Kingsbury has done some 
very important work, that on the air-lubricated journal- 
bearing in 1896 having inspired W. J. Harrison to sim- 
plify and extend the mathematical theory of Reynolds 
in 1913. 

Mr. Kingsbury began his study of bearings in 1888, 
while a student at Cornell University. Machines for 
testing oils and bearing-metals were then in vogue. Dr. 
Charles B. Dudley, then chemist of the Pennsylvania 
tailroad Co., had sent several bronze bearings to Cornel] 
to be compared on Professor Thurston’s lubricant-testing 
machine. Several other students had tested them and 
had invariably found the same relative superiority one 
to another. Professor Thurston then asked Mr. Kings- 
bury to compare them. Mr. Kingsbury, being an ex- 
perienced and skillful mechanic, first fitted the bearings 
with equal care to the journal of the testing-machine, 
Then he ran his tests, using the usual machine oil. One 
bearing-metal showed the same friction as all the others. 
Professor Thurston then suggested the use of lighter 
oil. Even with kerosene, Mr. Kingsbury found no dif- 
ference between the bronzes. Why? The bearings were 
fitted so well that they did not touch the journal. The 
friction measured by the machine was only that of the 
oil and it was the same when used with one bearing or 
with another. 

Neither Thurston nor Kingsbury was then aware of 
the work done in England by Tower or Reynolds. Beav- 
champ Tower’s careful experiments on a railroad journal 
in 1883 and 1885 proved the existence of oil-film support 
for the load. 


WoRK OF BEAUCHAMP TOWER 


Beauchamp Tower discovered that the oil completely 
separated the surfaces; and he could account for the 
support of the load by the pressure that he measured. 
This discovery was accidental. There was a blow-hole in 
the bearing casting. When he tried to plug it, the plug 
was forced out by the oil. So he applied a gage to the 
hole, measured the oil-pressure, and found it so high that 
he thought the oil might be carrying the load. That this 
was true he proved by drilling other holes and measuring 
the pressures. 

Prof. Osborne Reynolds was so struck by Tower’s dis- 
covery that, in 1886, he made a mathematical analysis 
of those experiments. Reynolds’ work was little known 
in this Country and its significance was little understood 
for many years afterward. Tower’s experiments were 
known sooner because the account appeared in the Pro- 
ceedings of the Institution of Mechanical Engineers’, @ 
widely read publication, while Professor Reynolds’ at- 
count was hidden in the Transactions of the Philosophi- 
cal Society’, a journal read by comparatively few persons. 

In 1896, Professor Kingsbury made his notable experi- 
ments on the air-lubricated journal-bearing. He meas- 
ured the air-film thickness, the pressures in the air-film 
along and all round the journal, and also the friction. 
Professor Kingsbury’s tests, by actual measurement, 
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proved the correctness of Osborne Reynolds’ mathemati- 
eal explanation of lubrication. The radial clearance of 
this air-bearing was 0.0008 in. The thinnest film meas- 
ured, at 200 r.p.m., was 0.00046 in. It must not be 
thought, from this statement, that oil-films are always 
so thin, or so thick. 


PROFESSOR KINGSBURY’S MACHINE 


Professor Kingsbury’s machine was made, as shown in 
Fig. 2, with a hollow cylinder closed at one end. Within 
this cylinder was a carefully fitted journal that could be 
rotated by means of a crank handle. When given a hard 
turn by hand, the journal would run for several minutes. 
The five small holes in the cylinder-wall are for measur- 
ing the film pressure. When one hole was in use, the 
others were closed. The pressure-measuring holes are 
shown at the top. They were moved to any other posi- 
tion around the journal by rolling the cylinder to the 
desired position. In that way, Professor Kingsbury ob- 
tained a large number of pressures all round the journal. 
For measuring the film thickness, he used an insulated 
set-screw, which is shown diagrammatically in Fig. 3. 

In the set-up in a speed-lathe for testing the pressures 
and film thicknesses, the bearing-ring (hollow cylinder) 
was held stationary and the journal plug was driven 
through a slender wire held in the chuck. When meas- 
uring the friction, Professor Kingsbury caused the 
bearing-ring to rotate in a chuck, and determined the 
friction by the amount of torsion in the wire, one end of 
which was fastened to the journal and the other to the 
tail-stock. When measuring the film thickness, he deter- 
mined by electrical contact whether the set-serew was 
in the right position. He used a battery and a spark- 
coil, and listened to the contact through a telephone 
head-piece. 

The set-screw shown in Fig. 3 was fitted with an ac- 
curtely constructed micrometer. Contact with the jour- 
nal was made by turning the bearing shell slowly in one 
direction and then in the other, the point of the set- 
screw being set forward a greater distance than the 
minimum film-thickness. By this means the position of 
maximum film-thickness was accurately located. 
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Fic, 5—THE JOURNAL SUPPORTING THE BEARING 


The Journal Presses Upward and the Reaction of the Oil-Film 
Pressure Is Therefore Downward 


A LATER JOURNAL-BEARING TESTING-MACHINE 


In Fig. 4 is shown a journal-bearing testing-machine 
with which Mr. Kingsbury experimented in 1904, while 
he was associated with the Westinghouse Electric & Mfg. 
Co. As shown in Fig. 5, the test-journal, 15 in. in diame- 
ter and 40 in. long, was pressed upward to produce the 
same effect as if the shaft pressed downward. The shaft 
was supported by pedestal-bearings that took up the 
upward load in their caps. It was driven by a railway 
motor at some speeds and by a belt at others. Tests were 
run at speeds up to about 1200 r.p.m., which produced a 
very high rubbing-speed, in those days, for so large a 
journal. 

Mr. Kingsbury took rough measurements of the film 
thickness by means of two Bath indicators fastened to 
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Fic. 4—MACHINE FOR TESTING 15 x 40-IN. JouRNAL-BEARING 


The Test-Journal Was Pressed Upward To Produce the Same Effect as if the Shaft Pressed Downward. 


It Was Driven by a Railway Motor; at Others, by a Belt. 


At Some Speeds, 


s ; Speeds up to 1200 R.P.M. Were Obtained, Which Were Considered 
Very High for So Large a Journal 
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one end of the center pedestal, about 45 deg. from the given in Fig. 6, which shows the thicknesses that he In 
vertical. The indicator pressed against the shaft about measured on the “on” and the “off” sides at different frictic 
14 in. from the end of the journal, the nearest point that speeds. At 500 r.p.m. the film thickness was about dition 
could be reached at the time. As the shaft slowed down, 0.0005 in. on the “off” side and 0.0020 on the “on” side, The f 
the indicators showed how much the shaft moved up and _ As the speed increases, the film grows thicker, which is fore t 
down. He found that, with the increase of speed, the in accordance with the theory of lubrication. For these up to 
film was thicker on one side than on the other. reasons, Mr. Kingsbury in his report of these tests of falls. 
the 15x 40-in. journal-bearing says: 
INFLUENCE OF JOURNAL DEFLECTION ON FILM THICKNESS J 3 we oe aes 
‘ ‘ ae : ; The film thickness was probably greater g As 
The possible influence of journal deflection upon film- ee marr yp age stig he than the icti 
L ex 59 ; ‘ measurements indicated, owing to the flexure of the frictl 
thickness measurements is illustrated by the following shaft ings 
. . . ° » . “ ’ 
calculations: A load of 47 tons, applied at the middle of . bility 
the test-journal would deflect it about 1/64 in. at the It is possible, by means of formulas based on Reynolds’ any ¢ 
indicators. The film thickness measured by the indi- analysis, to estimate these oil-film thicknesses. Such 
cators was only 0.0035 to 0.0040 in. Assuming that the ¢Stimates substantiate Mr. Kingsbury’s prediction, 
bearing is very rigid, the deflection of the shaft from Other data on this journal test are: given in Table 1. 
the center to the end of the bearing, that is, in 20 in., To Mr. Kingsbury belongs the credit for obtaining the 
would be about 0.007 or 0.008 in. The deflection of the lowest reliable experimentally determined coefficient of 
bearing itself is very small. If the oil is allowed to friction. In his paper, A New Oil-Testing Machine;' 00! 
squeeze out as the machine comes to a stop, under load, he reported a coefficient of friction of 0.00053, but later 
the shaft will rest on the two ends of the bearing and be he obtained 0.00046 in some other tests that have never 
up in the middle, perhaps 0.005 in. For this reason, been published. These coefficients were for an oil-lubri- 
Mr. Kingsbury did not consider the thicknesses, as taken cated journal, the bearing of which was fitted for about 
. . . y 9 : , wWe a rare _— DP eesiiaiieel 
in this test, to be reliable. Nevertheless, the results are 120 deg. These low values were the result of very care- 
ee ue ge ful workmanship. They were far below the lowest ‘ 
5See Trans tions f the «z erican Societ) f ec ic yn- ms ° a . A c 
a chanical En- coefficient published for ball-bearings up to that time. E00 
— oe Tt 
TABLE 1—TEST OF 9 X 30 AND 15 x 40-IN. BEARINGS‘ = 
a , Tests with Paraffin a 
Tests with Heavy Machine-Oil————__—_——__, Oil ° 
Test No. 3 4 5 6 7 8 9 10 11 12 13 v 
Load on Bearings A and C, tons 11.2 11.1 11.1 11.1 a2 233 15.4 19.7 22.1 22.1 23.6 bY 
Pressure on Bearings A and C, 3 
ib. per sq. in. of nominal area 86.0 82.0 82.0 82.0 82.0 82.0 114.0 146.0 164.0 164.0 175.0 x 
Load on Bearing B, tons 25.0 25.0 25.0 25.0 25.0 25.0 33.6 42.3 47.0 47.0 50.5 2 ( 
Pressure on Bearing B, ’ : a 0. 
Ib. per sq. in. of nominal area 83.0 83.0 83.0 83.0 83.0 83.0 112.0 141.0 157.0 157.0 168.0 
Shaft Speed, r.p.m. 300 300 506 180 179 301 454 480 946 1,243 1,286 
Shaft Speed of Bearings A and C, a : 
ft. per min. ; 72 730 =:1,190 424 422 710 1,070 1,030 2,220 2,930 3,039 
Shaft Speed of Bearing B, ft. per min. 1,200 1,215 1,990 708 704 1,180 1,785 1,890 3.720 4,900 5,050 
Motor Data os ¥ 
Amperes 53.0 54.0 57.0 51.0 45.5 49.5 51.0 53.0 122.0 114.0 117.0 
Volts 258.0 260.0 428.0 141.0 126.0 227.5 350.0 379.0 301.0 368.0 392.0 
Electrical Horsepower 12.00 18.90 32.70 9.68 7.70 15.10 24.00 26.90 49.3 56.30 61.50 
Frictional Horsepower, Total for 
Bearings A, B and C ; 16.00 12.60 21.70 6.43 5.12 10.10 16.00 17.90 41.90 47.80 52.30 
! Frictional Torque, Total for Beariugs 
i A, B and C, lb-ft. 201 214 225 188 150 176 185 196 233 202 213 
fi Average Coefficient of Friction for 
} Bearings A, B and @C 
5 Starting RES RES Se ge Shee ae et ee ee “9 9.5. Fic 
j Running 0.0044 0.0045 0.0048 0.0040 0.0032 0.0037 0.0029 0.0024 0.0025 0.0022 0.0022 : 
i Temperature of Atmosphere, At 
( deg. cent. 17.0 18.7 20.0 20.4 20.0 16.8 17.3 19.7 20.5 20.0 19.0 — 
} Temperature of Atmosphere, D 
i deg. fahr. 62.6 65.6 68.0 68.7 68.0 62.2 63.1 67.5 68.9 68.0 66.2 the 
x Top Sleeve Temperatures 
i| Bearing A, deg. cent. 48.8 44.9 54.0 35.8 42.0 44.0 52.2 52.9 58.7 74.0 97.0 
i Bearing A, deg. fahr. 119.8 112.8 1329.2 $6.4. 107.6 211.3 ....226:0-- 227.2 -287.6 166.3 206.6 
i ee eee i ae eee cae Baie - etele d= — wbis.e-k h Me eee: Skewes ow eew's 67.0 58.0 
¥ ee, i"  § sreee  sieee  eeleee elas cok he |. etaerd, Ackee Bee? tite at sc blbtte 152.6 136.4 
- Bearing C, deg. cent. 47.5 45.9 55.0 40.5 45.0 $5.1 57.8 54.9 67.2 91.0 117.0 } 
| Bearing C, deg. fahr. 75 2146 ° 283.0 2049 113.0 112.3. 236.0 330 153.0 195.8 240.6 it j 
* Oil-Supply Temperature, deg. cent. 24.6 12.4 17.7 9.4 32.5 11.7 14.7 16.4 21.7 20.6 16.5 
| Oil-Supply Temperature, deg. fahr. 76.3 54.3 63.9 48.9 90.5 53.1 58.5 61.5 70.1 69.1 61.7 The 
4 Oil-Drip Temperatures 
rr S808 Ts OVER Se) eeeale | eee ee © weeks Musee dl mated 16.9 47.0 58.0 72.0 65.0 filn 
fi ee Pk ee ee) ewok,  edeter aenee, mena, “dens 116.4 116.6 136.4 161.6 149.0 stil 
: re Ss ee ace | eeaee ache. sake e 40.7 49.2 51.3 56.0 61.5 54.0 
Bearing B, deg. fahr. SET kk ae Re cinco)” vattewd 506.3 1988 $20.3. 132:5°- 142.7% “1908 Fo: 
re a er Oe wee wee: sisese (neue re Serer 46.8 49.5 59.5 66.0 62.5 * 
rr © Need leeers mates “sewsie. |i alam ae ethene 116.2 121.1 139.1 150.8 144.5 fri 
Temperatures of Cooling Water for fou 
Bearing B : S 
Supply, deg. cent. 7.0 6.3 7.6 8.1 19.2 10.9 10.9 11.8 11.0 12.0 16.0 tio: 
Surply, deg. fahr. 44.6 43.3 45.7 46.6 66.6 51.6 51.6 53.2 51.8 53.6 60.8 
Discharge, deg. cent. 18.0 13.4 14.6 16.3 32.6 37.9 47.2 48.8 38.5 69.6 69.0 doy 
Discharge, deg. fahr. 64.4 56.1 58.3 61.3 90.7 100.2 117.0 119.8 101.3 157.3 156.2 wa 
Rise, deg. cent. 11.0 7.1 7.0 8.2 13.4 27.0 36.3 37.0 27.5 57.6 53.0 
Rise, deg. fahr. 51.8 44.8 44.6 46.8 56.1 80.6 97.3 98.6 85.1 135.7 127.4 def 
Oil Supplied r 
Se a ee 4.0 6.2 3.1 3.9 4.4 6.4 8.2 1.2 9.4 2.8 
ee a ee ee, lll Me eit 11.6 14.1 3.1 10.9 4.0 3.1 5.8 10.0 7.6 5.9 on 
Bearine C, lb. per min. 2.3 3.5 1.5 1.8 2.7 3.8 5.0 8.5 9.9 10.0 
Cooling Water Supplied to Bearing B, lev 
Ib. per min. 9.60 13.70 24.50 9.10 0.30 0.55 0.92 0.49 6.20 0.30 0.30 
Percentage of Total Heat Carried Cal 
from Bearings A, B and C thi 
a PS re og Teh  hgetee eee. ee 63.00 80.00 61.20 61.00 36.00 . 
By Water 22.30 19.60 20.00 29.50 2.00 3.70 5.30 2.60 10.30 0.92 0.76 In 
ee ee i CTO wt swase “scene, séece! sees 31.70 17.40 28.50 38.08 63.2 ja 


‘The 9 x 30-in. bearings are designated as A and C and the 15 x 40-in. bearing, as B. 

In general the temperatures of the bearings were constant. In test No. 13, however, conditions were not constant; the 6 
data given are those taken just before the bearing seized at a speed of 1350 r.p.m. 

in test No. 7, the oil supply was not water-cooled. 
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In the oil-lubricated journal-bearing lower running 
friction coefficients can be obtained, under certain con- 
ditions, than can be found in the best of ball-bearings. 
The friction in an oil-lubricated journal at starting, be- 
fore the complete film is formed, is very high, running 
up to 15 or 20 per cent. But after the start the friction 
falls off very rapidly, and the coefficient for moderate 
speed falls very low, below that of ball or roller-bearings. 
As the speed is further increased, the journal-bearing 
friction increases more rapidly than that of ball-bear- 
ings, soon equaling it and then going higher. The dura- 
bility of the oil-film journal-bearing at high speed offsets 
any disadvantage due to higher friction. 


Oi! Supply 
"a 15" Bearing ) Sa 
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Fic. 6—Curves SHOWING THE VARIATION OF THE FILM THICKNESS 
ON THE “ON” AND “OFF” SIDES AT DIFFERENT SPEEDS 

At 500 R.P.M., the Film Thickness Was About 0.0005 In. on the 
“Off” Side and 0.0020 on the “On” Side. As the Speed Increases, 


the Film Grows Thicker, Which Is in Accordance with the Theory 
of Lubrication 


EFFECT OF OIL VISCOSITY ON FRICTION 


Mention has been made of oil viscosity, showing that 
it is a direct factor in the friction of journal-bearngs. 
There has been much speculation as to how thin the oil- 
film can be and have the frictional resistance to rotation 
still follow the direct factorial relation set forth in 
Formula (1). In 1901 Mr. Kingsbury measured the 
friction of oil-films in his Taper-Plug Viscosimeter and 
found that, at constant temperature and speed, the fric- 
tion was inversely proportional to the film thickness 
down to the least thickness that he could measure, which 
was about 0.000025 in. The law was followed quite 
definitely for thickness variations of 0.000001 in. 

This seems almost incredible. The plug was supported 
on the point of a screw to which was fastened a long 
lever whose outer end, when moved just a little, would 
cause the film to increase or decrease 0.000001 in. These 
thickness variations produced a corresponding fall or rise 
m the friction. The results when plotted fell almost ex- 
actly on a fair curve. 


_. 


*See THe JourNAL, May, 1926, p. 483. 











Fic. 7—O1mL-GROOVES FOR MODERATE-SPEED AND FOR HIGH-SPEED 
JOURNAL-BEARINGS 


If the Bearing Extends All the Way Round the Journal and If 

the Lubricating Film Is Complete When a Vertical Load Is Put on 

It, the Journal Will Move Over to the Side Perpendicular to the 

Direction of the Applied Load, Going Farther Over the More the 
Vertical Load Is Increased 


When Mr. Barnard’ showed us the back of the glass 
bearing, it seemed that the oil-film spread out as it came 
over the top, then drew in again as it approached the 
bottom of the bearing, as if the closest approach were 
on the side instead of on the top, as might be expected 
at first thought. The action of the glass bearing there- 
fore appears to confirm the mathematical theory of bear- 


P Maximurn 














° ° ° 
300 270 180 90° 
Fic. 8—DIAGRAMS OF PRESSURE AND FILM THICKNESS OF THE 
BEARING ILLUSTRATED IN Fic. 6 


Following a Point on the Rotating Journal from the Region of 
Minimum Pressure, the Pressure Rises and the Film Thickness De- 
creases as far as Po. Then the Film Thickness Decreases as the 
Pressure Continues To Increase Until Pmar Is Reached. The 
Minimum Pressure Occurs When the Film Thickness Is Increasing; 

the Maximum Pressure When the Film Thickness Is Decreasing 
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ing lubrication as described by Sommerfeld and Harri- pearing 
son. They reasoned that, if the bearing extends all the thicknes 
way round the journal, as shown in Fig. 7, and if the Study 
lubricating film is complete when a vertical load is put at Po a 
on it, the journal will move over to the side, perpendicu- a vacuu 
lar to the direction of the applied load, going farther over limit th 
the more the vertical load is increased. In such a bear- in. Bu 
ing film the pressure builds up from zero to the maxi- at the p 
mum, then falls through zero to the minimum, and then whole f 
builds up to zero again in one revolution of the journal. 9 can b 
The magnitude of the maximum pressure varies with Fig. 
the eccentricity. The eccentricity varies with the ratio the res 
of speed to load, and with the viscosity. When < 
st b 
DEVELOPED SHAPE OF A BEARING FILM “oe 
an 
In Fig. 8, lower view, is shown the developed shape of In F 
the film of the bearing illustrated in Fig. 5. The upper gether 
view is the pressure curve. The pressure is at the all the 
matical 
Q of the 
90 <--> Po >| 
105F75 | 
I20+60 ANA 
135+-45 Rece 
330. 50-30 p’ J fancy 
RQ I5 Fic. 10—SEcTION OF JOURNAL AND PARTIAL BEARING ILLUSTRATING =. 
X03 ; THE NOTATION USED IN FORMULAS them ! 
80 360 When Dealing with Partial Bearings, Two Forms at Least Must Be in the 
Ber, Considered: (a) the Bearing Fits the Journal, and (b) the Curva- . 
195-345 oy tures Are Different tion: ] 
210-33030% 210° , a to pre 
mele XS left-hand view of Fig. 9 from a to b, the oil entering at groove 
2401300 \.\ @ where the film space is widest. The double cross- slide 
~ Heyes 45s hatched areas in the views at the upper right and lower should 
left in Fig. 9 show the two components of the carrying becaus 
capacity of that partial bearing. Comparing the full pressu 
with the partial bearing, it will be seen that the full pressu 
than | 
rk sd ? ee is At 
OOOO -——. with § 
aaa 
Journal Surface Relative Motion (1) 
R 
\ ‘ 4 ‘ 
cc 
fr s A \e 
B CA, } 
B" A’ ci 
Fig. 9—GRAPHICAL INTEGRATION OF PRESSURE PARALLEL AND 
PERPENDICULAR TO THE LOAD 
{f the Pressures Shown in Fig. 9 Are Laid Off in the Direction of 
the Load from a Base Perpendicular to It, Which Is Proportional (2) 
to the Diameter of the Journal, They Make a Closed Curve, the En- 
closed Area of Which Is Proportional to the Load Carried by the 0, 
Journal. The Same Pressures Laid Off at Right Angles to the 
Load Form Loops Enclosing Positive and Negative Areas. Thess 
Two Pressure-Diagrams Determine the Direction and Magnitude 
of the Resultant Pressure or Reaction of the Oil-Film to the Load 
minimum at Pmin. Following a point on the rotating 
journal from this region it meets a decreasing film- 
. i. s . ° 
thickness and a rising pressure as far as P,. Then the Eo 
film thickness decreases as the pressure continues to 
increase until Pmar is reached. The minimum pressure 
occurs where the film thickness is increasing; the maxi- 
mum pressure, where the film thickness is decreasing. me 
The same bearing and journal are shown in Fig. 9. c 
If the pressures shown in Fig. 8 are laid off in the direc- * (: 
tion of the load, from a base perpendicular thereto which 
° . . ° ° Ss 
is proportional to the diameter of the journal, they make ¥ 
a closed curve, the enclosed area of which is proportional S 
to the load carried by the journal. The same pressures 
laid off at right angles to the load form loops enclosing 
positive and negative areas. These two pressure-dia- | 
grams determine the direction and magnitude of the re- Fic. 11—Firrep ParTIAL BEARING 
sultant pressure or reaction of the oil-film to the load. In This Case, the Journal and the Bearing Are Fitted Together ' 
A ial beari av be illustr ae Exactly and the Pressures That Would Arise and All the Other New 
partia earing may e illustrated, as in the upper Characteristics Can Be Determined Mathematically 
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pearing carries a much greater load for a given film- 
thickness. 

Studying the full bearing further, if oil is introduced 
at P, at atmospheric pressure, obviously there must be 
a vacuum on the lower side of the journal. This would 
limit the positive pressure at ¢ Pma, to 14.7 lb. per sq. 
in. But if the oil is introduced at atmospheric pressure 
at the point of minimum pressure d, the full value of the 
whole pressure loop of the lower left-hand view in Fig. 
9 can be secured. 

Fig. 10 illustrates another partial bearing, drawn with 
the resultant pressure vertical, and showing notations. 
When dealing with partial bearings, two forms at least 
must be considered: (a) the bearing fits the journal 
and (b) the curvatures are different, as in Fig. 11. 

In Fig. 11 the journal and the bearing are fitted to- 
gether exactly and the pressures that would arise and 
all the other characteristics can be determined mathe- 
matically. There is a lift and movement in the direction 
of the load. 


ANALOGY BETWEEN OIL-GROOVES AND TIRE TREADS 


Recent years have seen the rapid disappearance of 
fancy oil-grooves in bearings and the appearance of 
grooves in tire treads. Is there any analogy between 
them? Those who still favor the cutting of oil-grooves 
in the loaded side of a bearing should answer this ques- 
tion: If tire treads are grooved in one way or another, 
to prevent skidding on a slippery pavement, why should 
grooves be cut in a bearing surface to make the journal 
slide more easily on it? The obvious answer is that there 
should be no oil-grooves in the loaded side of a bearing, 
because oil-grooves are channels through which the oil- 
pressures in the film are relieved. This relieving of the 
pressure thins the film and makes the bearing run hotter 
than it would otherwise. 

A few general rules for grooving may be followed 
with safety: 

(1) When the bearing completely surrounds the jour- 
nal, the bearing-surface may be unbroken by 
grooves, except one longitudinal groove along 
the surface about opposite to the loaded side. 
For low speeds, the single groove may be small 
with closed ends, as in Fig. 14, with drip lubrica- 
tion, or, for high speed, the groove may be large, 
through which cool oil may be circulated rapidly 
to remove the heat of friction 

(2) Partial bearings, like Fig. 11, are used on rail- 
roads as drawn, that is, with the bearing above 
the journal, and as lineshaft bearings in ships, 
when the bearing is below the journal. The cir- 
cumferential length of a partial bearing is usual- 
ly 120 deg., or less. It can then be bored with a 
clearance, the amount of which depends upon 
the load and the lubrication, or it can be fitted 
carefully to the journal and be suitable for heavy 
service. If a partial bearing covers more than 
120 deg. of the journal, it should always be pro- 
vided with running clearance. Partial bearing 
surfaces require no grooves. The leading edge, 
where oil enters the film, should be slightly 
rounded 

(3) Full bearings, with two opposite grooves, about 90 
deg. from the loaded side, are very common, in 
bearings made in halves. No additional grooves 
should be used. Such bearings should be bored 
with running clearance, the amount depending on 
the speed and the load. Heavily loaded bearings 
may require some fitting even though provided 
with running clearance 

_— 
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MoDEL OF KINGSBURY THRUST-BEARING 


The small model of a Kingsbury thrust-bearing has 
been accurately and carefully made. The bearing collar 
is perfectly flat with no grooves. It rests on pivoted 
segments. No oil is used in this model. It will run on 
air if the surfaces are perfectly dry. A battery and 
lamp circuit are built into the base for demonstration 
purposes. When the collar is revolving rapidly, air lifts 
it off the segments so that the light circuit breaks. 
When the collar slows down, the light flickers; and when 
the collar stops, the light burns steadily. Complete sepa- 
ration of the bearing-surfaces is therefore possible in 
fluid-lubricated surface bearings, whether of the thrust 
or the journal type. Air is used for this demonstration 
only. It will carry very light loads compared with 
lubricating-oil. 

THE DISCUSSION 


CHAIRMAN NEIL MACCOULL':—There are three phases 
of lubrication into one of which apparently every bear- 
ing will fall. We have, first of all, the low-speed phase, 
in which the metals rub against one another, the whole 
bearing-load being carried on metal. There is actual 
metallic contact, as has been shown electrically by Mr. 
Kingsbury’s model, when the light shone brightly. 
Unfortunately, that is the type of lubrication under 
which most bearings run most of the time and, naturally, 
during the period of their life, they are constantly wear- 
ing away. Secondly, we have the condition in which, at 
a little higher speed, there is still a slight metallic con- 
tact between the journal and the bearing, but most of 
the load is carried by a lubricating film. This is shown 
by Mr. Kingsbury’s model, when the light is dim and 
flickers. Thirdly, we have the phase in which the speed, 
or the viscosity of the fluid, is high enough to separate 
completely the journal from the bearing, and the electric 
light in the model goes out. So far as I know, nobody 
has evidence that a bearing having such lubrication will 
ever wear out. It is remarkable how long steam-turbine 
bearings run. It is true that, in this case, the bearing 
loading is lighter, but still the analogy is not at all far- 
fetched, and it seems to me that, by a proper study of 
these bearing conditions, it might be possible to develop 
bearings for automobile engines that would have sur- 
prising life. I know a manufacturer of a reputable 
motorcoach who told me that motorcoaches, in regular 
service, which run some 200 miles each day, have gone 
100,000 miles without attention to the connecting-rod 
bearings, and that some engines have gone even 200,000 
miles without bearing adjustment. 

Much involved theory is back of bearing lubrication. 
The bearing looks very simple. I suppose one reason is 
that we have not analyzed it sufficiently. Osborne Rey- 
nolds’ mathematical analysis of bearing lubrication 
would floor most engineers not thoroughly familiar with 
calculus. 

Supplying oil to the wrong side of the bearing is often 
a fundamental fault. Some time ago I was working with 
a manufacturer, trying to increase the production rate 
of a well-known gear-cutting machine. By a special 
operation, we were able to raise the production to nearly 
ten times that recommended by the manufacturer. 

The limitation was not in the cutting-tool but was in 
the heating of one of the bearings of the machine itself. 
Under very high production rates we had to squirt oil in 
with a can. It was very discouraging because the oil 
came out faster than it could be put in. I believe that 
if the oil-hole had been drilled on the other side of that 
bearing, the overload capacity of the machine would have 













































460 


been 50 or 60 per cent higher than we found it to be. 
H. A. S. HowARTH :—Regarding the point at which to 

admit oil to a crankpin bearing, the answer must depend 

on the speed of rotation, which determines the diagram 


of the inertia and pressure forces. In a slow-speed verti- 
cal single-acting engine, the maximum pressure on a 
crankpin occurs when the crank is at the “top” of the 
stroke on the side nearest the piston at the time of the 
explosion. That, evidently, is not the place for an oil- 
hole. Apparently, a better place would be about 180 deg. 
from the point of greatest pressure because pressure is 
still on the crankpin until after the crank has turned 90 
deg. In a reversible engine, if it had to turn one way or 
the other, when the crank is moved around 990 deg. con- 
siderable pressure is still on the pin and, obviously, it is 
not desirable to try to get oil in at that point. As the 
crank comes up on the other side on the compression 
stroke, at a point 90 deg. before the vertical, the other 
side of the crankpin will be upward, and obviously that 
is not a desirable point for the oil-hole. So, apparently, 
the best place is on the under side of the pin, when the 
pin is up. 

CHAIRMAN MACCOULL:—A difference of opinion exists 
as to how the oil-hole should be placed on the side of 
the bearing. The old-fashioned way is to drill the oil- 
hole radially, the outside of the hole being the point of 
maximum pressure. One company, I believe, still drills 
the crankshaft so that the hole comes on the “pressure”’ 
side. Logically, the hole should be on the opposite side 
but the engineers do not place it there. 

Mr. HOwARTH:—An engineer who is working with 
high-speed-engine problems would prepare a diagram of 
the pressure and inertia forces upon the crankpin 
throughout one cycle. He could then pick out the best 
place for the oil-hole more correctly than is possible with- 
out such a guide. 

LEONARD OCHTMAN, JR.’:—An important point in con- 
nection with the location of the oil-hole is how the oil is 
put in at the other end of the hole. If you have a com- 
plete groove around the main bearing so that the oil 
enters at all points, it is correct to place the hole in the 
crankpin on one side; but it is not desirable to have a 
complete groove around the main bearing. The groove 
should be only in the upper half. In that case, the oil 
is fed through the hole from the main bearing to the 
crankpin only when the crankpin is in the lower half of 
its revolution. For that system, the oil-hole should be 
drilled straight through so that it will come out on the 
outer side of the crankpin. Thus, the oil will be fed to 
the crankpin bearing only during one-half of each revo- 
lution, and will come out of the oil-hole on the side of 
the pin that is never loaded during that period. 

W. S. Howarp’:—Drilling the holes on the right side 
so that the discharge will be on the lower side of the 
crankpin, or the side opposite to the pressure stroke, 
and having those in the crankshaft timed, one after the 
other, so that the flow of oil will be evened up, are 
beneficial. In other words, the lubrication should be 
timed. If a hole is partly clogged, the free holes are 
not receiving additional oil or taking all the oil. The 
length of the groove at the top would thus be limited, so 
that it discharges through one after another. 

Mr. OCHTMAN :—What I had reference to particularly 
was that, in any bearing, the groove should be only in 
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the upper half of the main bearing, and each bearing 
would serve one crankpin through a hole drilled directly 
through from the journal to the outer side of the crank. 
pin. In that case, you would get the oil to the crankpin 
only when it is in the lower part of the stroke. 

Mr. HOWARD:—The length of the oil-groove at the top 
was about one-quarter of the upper circle for a four-cylin- 
der, and shorter for a six-cylinder engine, so that the dis. 
charge in one bearing was taken up by the other and 
timed regularly. 

CHAIRMAN MACCOULL:—When the bearing is worn g9 
that its clearance is large, if the bearing hole is at the 
top, the gas pressure will hold the connecting-rod down 
at that point and prevent an excessive flow of oil from 
the bearing when it is near the top dead-center. 

Mr. HowarD:—tThe oil is feeding in on the non-pres- 
sure side into the small groove and, of course, coming 
into the hole. It is fed in while it is passing the groove, 
and will go on up to the crankpins and be discharged on 
the non-pressure side of the crankpins. But if the 
groove is carried all the way round, the pressure cannot 
be separated. 

O. M. BURKHARDT” :—It has been mentioned that there 
are several methods in use for the drilling of oil-holes 
in crankpins. The preferred method is to drill oil leads 
into the crankpin so that the axis of the oil-hole is per- 
pendicular to the cylinder bore when the crankpin is in 
the top or bottom center. This practice is based on the 
fact that the force diagram of the combined inertia and 
centrifugal forces is oblong, or nearly elliptical. The 
small diameter of the ellipse representing the smaller 
forces is found to be perpendicular to the cylinder axis. 
It is preferable to take the oil lead out in the direction 
opposite to that of rotation. 

Mr. HOWARTH :—The question we have been discuss- 
ing is: Where should the oil-hole be placed, if the oil is 
to enter through the crankpin? The general problem of 
crankpin lubrication could perhaps be solved better by 
some other means. Let us forget the pin surface for a 
moment, supposing it to be continuous. Then see if we 
can figure out some way of getting the oil into the end 
of the connecting-rod without disturbing the crankpin 
surface, or at least a very small portion of it. It seems 
to me that this line of investigation might be profitable. 
The force diagram above mentioned referred to the 
crankpin itself. The angular motion of the connecting- 
rod is very different, and a force diagram made with 
reference to it might lead to the best solution of the 
problem. 

CHAIRMAN MACCOULL:—One of the interesting points 
brought out by Mr. Tower’s experiments is that a sum- 
mation of the oil pressures at all points would equal the 
total load on the bearing. On an ordinary connecting- 
rod on which the bearing pressure averages between 
1000 and 2000 Ib. per sq. in., the maximum oil-pressure 
may be double that at the center, or 3000 or 4000 Ib. per 
sq. in. Some engine designers have an idea that by feed- 
ing oil under a pressure of about 100 lb. per sq. in. into 
the bearing they will force oil out against the piston 
pressure. A little analysis will show how absurd that 
line of reasoning is. 

J. A. ANGLADA":—Why are the best results obtained 
when dissimilar materials are used for the journal and 
the bearings? Why is cast iron an exception to this 
general rule? 

Mr. HowArRTH:—That is a very searching question. 
If the bearing-surfaces do not come together, any metals 
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ABSTRACT 


ESEARCH methods applied to the inspection of 
automotive parts for noise-producing causes are 
analyzed by the author, who notes the increasing ten- 
dency toward the use of sound-measuring instruments 
and discusses first the units of sound intensity and 
loudness. The dyne per square centimeter is a con- 
venient size of unit for measuring the pressure ampli- 
tude of sound-waves, since 1 dyne per sq. cm. lies 
within the range of amplitudes at which the ear nor- 
mally functions, being approximately that at one’s ear 
when listening to conversation. 

In calibrating at high frequencies, the thermophone 
is used. It consists of a small strip of thin platinum or 
gold a few centimeters long and about 1 cm. wide 
through which an alternating current of desired fre- 
quency is sent. The formula for the thermophone gives 
the “r. m. s.,” or root mean square, pressure amplitude 

‘jn dynes in terms of such easily measured quantities 
as the current through the strip, the resistance of the 
strip and some constants of the air. 

Loudness as perceived by the ear is not a simple 
function of the intensity as measured by an instru- 
ment. Explanations of this fact are made and instru- 
ments for sound-intensity measurements are then de- 
scribed, the most successful methods involving the use 
of electrical apparatus. Analysis is made of the influ- 
ence of the room in which the sound measurements are 
taken, as well as of frequency determination and filter- 
ing, the last being the exclusien from the measurements 
of sound that it is not desired to investigate. In con- 
clusion, it is stated that although the paper empha- 
sizes the difficulties of sound measurement, the diffi- 
culties actually exist and must be dealt with before 
progress can be made. 


N increasing tendency toward the use of sound- 

measuring instruments in the inspection of auto- 

motive parts for noise, has existed during the 
last few years. This has been due to the demand of the 
buying public for quieter cars and to the recent rapid 
development of instruments suitable for such inspection 
work. This very timely development of sound-measur- 
ing instruments was carried on mostly by the Bell Tele- 
phone Laboratories, to whom the automotive engineers 
are indebted for aid on this baffling problem. That the 
ear is at best but a very rough check on noise when used 
continuously in routine inspection work is admitted by 
most people who have had experience. Of course, the 
ear is the final judge as to the loudness which can be 
tolerated, but once these limits have been set th:y can 
be maintained within reasonably close bounds only by 
the use of instruments. One company found that on 
Mondays, after the inspector had had a quiet day at 
home, the percentage of rejections for noise was un- 
usually high. This percentage gradually tapered off to 
Saturday, the inspector’s hearing having been dulled 
by a week of factory noise and continual listening to the 
objectionable sound. 





‘Assistant professor, department of physics, University of Michi- 
gan, Ann Arbor, Mich. 
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Fic. 1—AN EXPERIMENTALLY DETERMINED RELATION BETWEEN 


PRESSURE AMPLITUDE AND LOUDNESS 


The Horizontal Lines Are Lines of Constant Pressure-Amplitude or 
Constant Intensity. The Curved Line in the Lower Portion is a 
Line of Constant Loudness; Namely, That Loudness Which Is Just 
Perceptible. It is Evident That It Requires 100 Times the Pressure 
Amplitude To Operate the Ear at a Frequency of 64 As Is Required 
at 512, at the Threshold Loudness. Other Equal-Loudness Contours 
Could Be Drawn at Higher Levels of Loudness and Would Be 
Approximately Parallel to the Threshold-Loudness Curve When 
Not Too Far from It 


UNITS OF SOUND INTENSITY AND LOUDNESS ‘ 


For most inspection work, it is not necessary to have 
a well-defined unit of sound. It is usually sufficient to 
know whether the piece being inspected makes more or 
less noise than some standard piece which experience 
has shown to be on the boundary line between passing 
and rejection. But when measurements taken at widely 
different times and with different instruments are to be 
compared with each other, it is desirable to express them 
in units which are universally accepted. In the future, 
perhaps we will find in the specifications of automotive 
parts the statement that the amount of noise when run 
under certain conditions must not exceed a certain value; 
but we must have an accepted unit for expressing this 
value. 

The intensity of a sound is measured by the power 
which it represents and is purely a physical quantity. 
The loudness of a sound is measured by the sensation 
which it produces in the human ear and therefore de- 
pends on the characteristics of the ear itself. Since there 
is no simple general relationship between the intensity 
of a sound and its loudness, it is necessary to have sepa- 
rate units for measuring these quantities. 

Sound consists of variations of pressure which are trans- 
mitted from the sounding object to the ear. If the sound 
is a musical note such as is given by a tuning-fork, these 
pressure variations follow each other at regular in- 
tervals, being a simple harmonic function of the time. 
The pressure at the ear rises gradually from its normal 
atmospheric value to a maximum, returns to the normal 
value and passes through to a minimum, then back to 
the former maximum and so on. The amount of this 
* pressure variation determines the sound intensity; so, we 
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can use a unit of pressure as a suitable unit with which 
to measure sound. 

It is customary to specify not the maximum variation 
of the pressure from the normal atmospheric value but 
the root mean square pressure variation as is done by 
electrical engineers in specifying the strength of alter- 
nating currents. This is called the “r. m. s. pressure 
amplitude” and is usually measured in dynes per square 
centimeter, 1 dyne per sq. cm. being equal to 1.45 x 10° 
Ib. per sq. in. For a simple harmonic sound the r. m. s. 
pressure amplitude is equal to the maximum pressure 
variation from the normal multiplied by 0.707. If we 
define the intensity J as the acoustical power passing 
through each square centimeter of a plane wave and 
measured in microwatts, it has the following simple 
relationship to the r. m. s. pressure amplifude p, ex- 
pressed in dynes per square centimeter, and we have 

I = p’/420 (1) 

It may be noted that equation (1) is independent of 
the frequency; that is, the number of waves emitted in 
1 sec. In this respect the pressure amplitude is more 
convenient than the amplitude of displacement of a single 
air particle, since the latter must be squared and multi- 
plied by the square of the frequency to be proportional 
to the intensity. Thus a certain amplitude of displace- 
ment represents a greater intensity with a high-pitched 
sound than with a low-pitched sound while a certain 
r. m. s. pressure amplitude always corresponds to a cer- 
tain intensity regardless of pitch. The dyne per square 
centimeter is a convenient size of unit for measuring 
the pressure amplitude of sound-waves, since 1 dyne 
per sq. cm. lies within the range of amplitudes at which 
the ear normally functions, being approximately that 
at one’s ear when listening to conversation. 

To define a unit for the measurement of sound is 
without purpose unless we have available some method 
of calibrating our sound-measuring instruments in terms 
of this unit. One straightforward method of producing 
small pressure-changes of known amount for calibration 
is by the use of the piston-phone. The part of the sound- 
measuring instrument which picks up the sound is en- 
closed in a cylinder of known volume having a piston 
which is oscillated through a known amplitude by an 
electric motor. The pressure-changes can be calculated 
easily, the response of the sound-measuring instrument 
noted and curve of sensitivity versus frequency plotted. 
This method has the disadvantage that it is not prac- 
ticable to oscillate such a piston at a higher frequency 
than 200 cycles per sec. 

In calibrating at these higher frequencies, the thermo- 
phone is used. This consists of a small strip of thin 
platinum or gold foil a few centimeters long and about 
1 em. wide through which an alternating current of de- 
sired frequency is sent. This current raises the average 
temperature of the strip, but there is at the same time a 
variation in the temperature at double the frequency 
of the alternating current. This oscillation of tem- 
perature, though small, is sufficient to cause correspond- 
ing thermal expansions and contractions of a thin layer 
of air adjacent to the strip. If the strip and the device 
to be calibrated are in an air-tight enclosure of known 
volume, the pressure-changes due to this expansion and 
contraction can be computed. The formula for the thermo- 
phone gives the r. m. s. pressure amplitude in dynes 
in terms of such easily measured quantities as the cur- 
rent through the strip, the resistance of the strip and 
some thermal constants of the air’. 





*See the Physical Review, vol. 19, No. 4, p. 333. 
*See the Bell System Technical Journal, vol. 1, No. 2, p. 56. 


It was stated that the loudness as perceived by the 
ear is not a simple function of the intensity as measureq 
by an instrument. Fig. 1 shows an experimentally 
determined relation between pressure amplitude ang 
loudness’. The horizontal lines are lines of constant 
pressure amplitude or constant intensity, while the 
curved line in the lower part of the figure is a line of 
constant loudness, namely that loudness which is just 
perceptible. It can be seen at once that it requires 109 
times the pressure amplitude to operate the ear at a 
frequency of 64 as is required at 512, at the threshold 
loudness. Other equal loudness contours could be drawn 
at higher levels of loudness and would be approximately 
parallel to the threshold-loudness curve when not too far 
from it. Thus a sound-measuring instrument which 
indicated the pressure amplitude might give 10 times 
the reading for a low-pitched sound as for a high-pitched 
sound while, to a normal ear, the high pitch would be 
much louder. The necessity for interpreting the read. 
ings of sound-measuring instruments with caution is 
apparent. It is possible to equip certain styles of meas- 
uring-instruments with correcting devices which auto- 
matically apply the necessary correction factors so that 
their indications are approximately the loudness as would 
be judged by an average ear. Of course, such correc- 
tion is necessary only when the sounds to be compared 
have different frequency-characteristics, as is usually 
the case. 

It might be thought that since such elaborate correc- 
tions to the measured values are necessary it would be 
better to take the measurements originally with the ear. 
It should be noted, however, that the threshold-audibility 
curve shown in Fig. 1 is the average of a large number 
of ears and that only half of the observations taken lie 
within the dotted lines which enclose it. Furthermore, 
most normal -ears have islands of deafness, certain 
ranges of frequencies where the sensitivity is only 1/10 
or 1/100 as great as the average. Thus, in taking any 
inspector’s ear as the standard, we may make a decided 
error as judged by the average ear. The fact is that 
almost no ear is average in all respects. 

Using the data of Fig. 1 in equation (1), it is found 
that, at a frequency of 512, a power of 10° microwatts is 
sufficient to operate the ear. Therefore, if a 10 part 
of the 20 hp. which is transmitted through a ring gear 
finds its way to the ear as a vibration, the ear will be 
able to hear it. The reason for the difficulty in making 
quiet gears is apparent from this fact. The great sen- 
sitivity of the ear also explains the difficulty of con- 
structing sound-measuring instruments to equal its 
sensitivity. 

The definition of the unit of loudness rests on the 
experimental fact that, at a given frequency, the ap- 
parent increase in loudness in going from a pressure 
amplitude of 1 to 2 dynes is approximately the same as 
the increase in going from 10 to 20 dynes or from 100 
to 200 dynes. Since it is the ratio of the increase in 
amplitude and not the amount of the increase which 
determines the apparent increase in loudness, it is con- 
venient to use a unit of loudness which is proportional 
to the logarithm of the ratio of two pressures. Since 
the threshold of audibility is one loudness which is easily 
defined in terms of the pressure amplitude, it is con- 
venient to use this threshold pressure as the reference 
line for all other pressures. The sensation unit is there 
fore defined by the equation 

S = 20 logw P/Po (2) 

In equation (2), S is the number of sensation units 

above the threshold of audibility, of a sound of pressure 


Vol. XI 
Ss 


— 


amplituc 
quency | 
a logari 
tion um 
The zer 
example 
ing lou 
512, a | 
gents a 
dyne is 
ever, 1 
sensati: 
method 
equal-lc 
thresh¢ 
consideé 
The ex 
as yet 
In | 
arises 
small 
instru 
ear? 
which 
increa 
to son 
the o! 





TAE 


In 
plitu 
any 
whe’ 
the 
quir 
sure 
so f 
bee! 
mez 
tha: 
in | 
pra 


ear 
cha 
noi 


ple 
lou 
str 


as 
no 
en 


or 


ort ee" Fe @D 


cr rh @D 


~—- ~ 


= bee 


“Ss 


ee —— SS 


bl a el 


Vol. XIX 
al TECHNIQUE OF 





amplitude P when the year pressure at that fre- 
quency is P,. In Fig. the pressures were plotted to 
a logarithmic scale so thet a straight-line scale of sensa- 
tio units could be attached to the right of the figure. 
The zero on this scale is at an arbitrary place. 
example of the use of these sensation units in specify- 
ing loudness we might notice that, at a frequency of 
512, a pressure amplitude of 1.0 dyne per sq. cm. repre- 
sents a loudness level of 60 sensation units while 0.1 
dyne is 40 sensé ation units. At a frequency of 64, how- 
ever, 1.0 dyne is 20 sensation units and 0.1 dyne is 0 
sensation units above the threshold-loudness level. 
method of specifying the loudness assumes that the 
equal-loudness curves in the diagram are parallel to the 
threshold-loudness curve, which assumption is probably 
considerably in error at the higher levels of loudness. 
The exact form of these equal-loudness curves has not 
as yet been published. 

In interpreting sound measurements, the question 
arises as to how much importance is to be attached to a 
small increase in the reading of the sound-measuring 
instrument. Would this increase be perceptibie to the 
ear? In Table 1 the percentage of increase in pressure 
which is necessary in order that the ear may notice any 
increase in loudness is shown.’ This percentage depends 
to some extent on the sensation level or the loudness of 
the original sound. 


TABLE 1—MINIMUM PERCEPTIBLE INCREASE IN PRESSURE 
AMPLITUDE 


Percentage of Increase in 
Pressure Amplitude To Be 
Just Perceptible 


Sensation Level in 
Sensation Units 


10 11.5 
20 7.0 
30 ».0 
40 5.5 
50 5.3 
60 to 100 5.0 


In taking the data shown in Table 1, the pressure am- 
plitude of the sound was changed suddenly; whereas, in 
any practical case where the change was gradual or 
where there was a considerable interval of time between 
the hearing of the two sounds, it probably would re- 
quire two or three times the percentage change of pres- 
sure amplitude shown in Table 1 to be perceptible. Thus, 
so far as the ear is concerned, no practical advance has 
been made in the quieting of a gear unless the sound- 
measuring instrument reads at least 20 per cent less 
than before. This is the same as saying that a change 
in loudness of less than 1.4 sensation units is of little 
practical importance. 

The foregoing remarks about the loudness curves for 
ears apply to the case where the sound is of a musical 
character such as a gear hum or fan noise. In case the 
noises are of an irregular nature such as those set up 
by a bumpy road, the behavior of the ear is not so sim- 
ple. Perhaps a rough method for the evaluation of the 
loudness of such sounds is to use a sound-measuring in- 
strument which has such a correcting device as to make 
it read loudness correctly for musical tones and then 
assume that its readings are correct for the irregular 
noises. Of course, there is always the question as to the 
emotional reaction of the individual to certain sounds, 
which cannot be taken into account by any instrument. 
tiene 

*See the Physical Review, vol. 21, No. 1, p. 94. 

*See Tue Journat, April, 1925, p. 444. 
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Fic. 2—CONVENIENT METHOD OF TRANSMITTER CALIBRATION 
A Telephone Receiver Is Fastened to One Edge of the Transmitter 


and Has a Metal Tube Screwed into the Receiver Cap and Ending 

about % In. in Front of the Transmitter Diaphragm. If This Re- 

ceiver Is Always Supplied with the Same Voltage and Frequency 

of Alternating Current, the Same Sound-Intensity Will Be Produced 

and This Can Be Used in Checking the Sensitivity and Making the 
Necessary Corrections 


INSTRUMENTS FOR SOUND-INTENSITY MEASUREMENTS 


The most successful methods of measuring the inten- 


_sity of sounds where several frequencies are concerned 


involve the use of electrical apparatus. Instruments of 
this class were described in a previous paper by J. H. 
Hunt and G. F. Embshoff entitled Some New Electrical 
Instruments for Automotive Research®. A transmitter 
of some kind is used to generate electric currents in 
response to the sound, the amount of current generated 
being taken as a measure of the intensity of the sound. 
Since the generated currents are usually too small to 
operate measuring-instruments directly, a vacuum-tube 
amplifier must be used to bring them up to a measurable 
value. Amplifiers and measuring-instruments are at 
present developed to the point where they are very 
satisfactory for practical use if not too sensitive, but 
transmitters are still being perfected. 

The usual style of transmitter uses some kind of 
metal diaphragm which vibrates in response to the 
sound-waves. The diaphragm such as is used in the 
ordinary telephone transmitter gives much greater re- 
sponse at certain resonance frequencies than at others 
and, consequently, could not be used to obtain a fair 
measure of sound intensity. To overcome this difficulty, 
the diaphragms of the better transmitters are stretched 
tightly so that these resonance frequencies occur above 
the range of frequencies to be measured. This has the 
disadvantage that the resulting transmitter is, 
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Fic. 3—AN AMPLIFIER AND A MEASURING CIRCUIT 


This Arrangement Can Be Used for Measuring the Small Voltages 
Generated by Transmitters. Impedance Coupling Is Used Instead 
of Resistance Coupling, Because It Requires Less B Battery and 
Will Operate Well with Tubes of Various Characteristics, While 
Different Values of Resistances Would Have To Be Used with the 
Resistance Coupling When Different Styles of Tube Were Used 
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eral, much less sensitive, although its response is fairly 
uniform over a wide range of frequencies. There has 
recently been a considerable improvement in the sensi- 
tivity of stretched-diaphragm transmitters by the use 
of duralumin instead of steel. The lighter diaphragm 
permits the use of a smaller stretching force with a con- 
sequent gain in sensitivity. 

The Maxfield transmitter, No. 387-W, uses the 
stretched diaphragm for uniform response but is, at the 
same time, fairly sensitive because it uses carbon but- 
tons for detecting the motion of the diaphragm. When 
ysed with a rugged amplifier of only two stages con- 
nected to a measuring-instrument, very good compara- 
tive readings can be obtained on sounds of ordinary 
automobile loudness; but if the transmitter receives a 
jar or a very loud sound is made near it while the read- 
ings are being taken, the carbon granules rearrange 
themselves and the sensitivity may change by a factor 
of two or more. This very disagreeable difficulty can 
be surmounted by calibrating the transmitter after every 
reading, or as often as may be necessary. One conven- 
ient method of making this calibration is shown in Fig. 
2. <A telephone receiver is fastened to one edge of the 
transmitter and has a metal tube screwed into the re- 
ceiver cap and ending about 1% in. in front of the trans- 
mitter diaphragm. If this receiver is always supplied 
with the same voltage and frequency of alternating 
current, the same sound-intensity will be produced and 
this can be used in checking the sensitivity and making 
the necessary corrections. Of course, if it is desired to 
have the readings in absolute units, a separate calibra- 
tion must be made, using the thermophone. 

Fig. 3 shows an amplifier and measuring circuit which 
can be used for measuring the small voltages generated 
by transmitters. This is, in principle, very similar to 
the amplifier described by Hunt and Embshoff, but has 
several features that make for convenience in operation. 
Impedance coupling is used instead of resistance coup- 
ling, because it requires less B battery and will operate 
well with tubes of various characteristics, while different 
values of resistances would have to be used with the 
resistance coupling when different styles of tube are 
used. 

In experimental work, it is an advantage to be able 
to use interchangeably such tubes as the General Elec- 
tric PR-1-C which amplifies 30 times, or the UV 201-A 
which amplifies only 8 times. Large changes in ampli- 
fication can be obtained by the switching arrangement, 
which changes the number of stages used while the fine 
adjustment is controlled by the potentiometer at the in- 
put. Such a sensitivity control at the input of the am- 
plifier is better than one at the output, since it precludes 
the possibility of any of the tubes being overloaded when 
loud sounds are to be measured. By these means the 
amplification can be varied from zero to about 8000, so 
that a wide range of sound intensities can be measured. 
The amount of amplification in use can be measured or 
set to a predetermined value by the use of a calibrating 
circuit which supplies a known amount of 60-cycle volt- 
age. The last tube on the right functions not as an 
amplifier but as a rectifier, and is really part of the 
measuring circuit. By means of the balancing arrange- 
ment shown in the plate circuit of this last tube, the 
indicating meter can be made to read zero when there 
is no alternating current coming in through the am- 
plifier. Such an amplifier, in combination with a suitable 
transmitter, is capable of results which are good enough 
for practical purposes when care is taken in its use and 
in the interpretation of the results. 
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INFLUENCE OF THE ROOM IN WHICH SOUND MEasurp. 
MENTS ARE TAKEN 


It is sometimes stated that the intensity of sound 
varies inversely as the square of the distance from the 
source, but this is true only when the source is very 
small and is located in free space. In fact, we do not 
live in free space and every sound we hear is reflected 
from the ground, the walls of a room or some other suyr- 
face, and the inverse square law loses its practical im. 
portance. Most noise inspections are made inside a 
closed room‘or a closed car-body, and here the inter. 
ferences between the direct sound and the various re- 
flections produce a very unequal! distribution of intensity, 
This effect is particularly noticeable with sounds having 
a musical character, although not so marked with irregu- 
lar noises. When listening to a single musical note in 
a room it is possible, by moving the head, to find a posi- 
tion in which a!most no sound is heard. That this inter- 
ference effect is so large as not to be disregarded is 
shown in Table 2, which gives readings of the pressure 
amplitude of a musical note of a frequency of 800 cycles 
coming through the open window into a room having 
highly reflecting walls. These readings were taken at 
12 equally spaced points around the circumference of a 
circle 6 ft. in diameter and at the opposite side of the 
room from the window. 

TABLE 2—READINGS OF PRESSURE AMPLITUDE OF A MU- 
SICAL NOTE 


Position in Room Pressure Amplitude 


1 0.061 
2 0.244 
3 0.306 
4 0.129 
5 0.127 
6 0.170 
7 0.097 
8 0.287 
9 0.247 
10 0.518 
11 0.275 
12 0.352 





Average 0.234 


The maximum reading in Table 2 is over eight times 
as large as the minimum. A slight change in the fre- 
quency of the sound or a displacement of some of the 
furniture in the room will shift the positions of these 
maxima and minima to new places. Under such condi- 
tions, the only way to measure the intensity of a sound 
source within the room is to take a large number of 
readings at different places and find the average in- 
tensity. If the room has felted walls and floor, the re- 
flections are much weakened so that the distribution of 
intensity is much more uniform and, if the transmitter 
is held fairly close to the sounding object, good com- 
parative readings of intensity can be obtained. Not only 
does the intensity vary from point to point in a room, 
but the average intensity for a given source depends on 
the absorbing power of the walls, being inversely pro- 
portional to the total absorbing power for a given size 
of room. When the source is started, the intensity in the 
room builds up to such a value that the rate of absorp 
tion of sound energy by the walls is equal to the rate 
at which it is supplied by the source. If the room has 
hard walls, the intensity becomes large before sufficient 
absorption takes place, but if the walls are covered with 
felt, the sound energy is absorbed before a high inten- 
sity is built up. 

The fact that the final intensity in an enclosure due 
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to a given source of sound depends on the absorption of 
the walls finds its application in the design of bodies. 
The cloth upholstery which is to be found lining the 
interior of most closed bodies is a good absorber and 
serves to limit the intensity of any sounds which may 
find their way into the body, because it reduces the num- 
ber of reflections. These materials also serve to reduce 
the amount of sound energy which can get into the body 
from outside. Unfortunately, the windows cannot be 
covered with absorbing material. 


FREQUENCY DETERMINATION AND FILTERING 


One of the best ways to locate the source of those 
noises which have a musical characteristic is to deter- 
mine their frequency and then find what element of the 
mechanism functions at this frequency. Various gear 
noises can be located by computing the frequency at 
which the teeth engage when running at a known speed, 
and then finding if the frequency of the musical note 
produced corresponds with a computed frequency. For- 
tunately, the frequency of a sound is not influenced by 
the room into which it escapes. The frequency of a 
sound can be determined by matching it with some stand- 
ard sound of known frequency such as a tuning-fork 
note, as the ear is fairly accurate in judging when two 
sounds have the same pitch. 

Some instruments for aiding in the determination of 
frequency are shown in Fig. 4. On the left are the 
Helmholtz resonators which consist of hollow brass- 
spheres having a large hole through which the sound 
enters and a small hole opposite, which is placed to the 
ear. These resonators will give many times the response 
to a sound having the pitch to which they are tuned 
than to any other pitch. By listening through one of 
them and varying the speed at which a gear is running, 
a certain speed will be found where the gear noise 
booms out. It is then known that, at this speed, the gear 
noise is of the same frequency as is marked on the 
resonator, and the particular gear making the noise can 
be located. These resonators come in sets covering the 
frequency range from 128 to 1024 cycles per sec. 

Another device of this nature is the adjustable reso- 
nance-tube. This has a piston operated by a rack and 
pinion that slides in a tube which is open at one end. 
A small hole in the piston connects through the hollow 
piston-red to a pair of stethoscope binaurals. With the 
binaurals in the ears, the length of the tube is changed 
by sliding the piston until resonanee occurs with the 
sound to be measured. The frequency can then be de- 
termined by reading the graduated scale on the piston- 
rod. Such an instrument is shown in the center in Fig. 4. 

Sometimes we wish to measure the intensity of a 
certain musical sound, such as a fan noise, when other 
more intense sounds are present. To a considerable de- 
gree, the ear has the ability to focus its attention on a 
particular sound and to ignore others. Measuring in- 
struments which do this same thing must be used in 
many cases where the sound to be measured is fainter 
than other sounds in which we are not interested. For 
this purpose, instruments which have a sharp resonance, 
or which respond to certain ranges of frequency only, 
can be employed; however, all these instruments have 
an inherent defect which sometimes causes them to fail. 
If the sounds which we wish to exclude from the meas- 
urements have no musical characteristics but are irregu- 
lar noises, they will get through the resonant selecting- 
device to some extent and will register along with the 





. ‘See the Proceedings of the National Academy of Sciences, vol. 
9%, No. 5, p. 173; see also vol. 5, No. 7, p. 275. 
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Fic. 4—AN ADJUSTABLE RESONANCE-TUBE AND OTHER FREQUENCY- 
DETERMINING INSTRUMENTS 
The Resonance Tube in the Central View Has a Piston, Operated 
by a Rack and Pinion, That Slides in a Tube Which Is Open at One 
End. A Small Hole in the Piston Connects through the Hollow 
Piston-Rod to a Pair of Stethoscope Binaurals. With the Binaurals 
in the Ears, the Length of the Tube Is Changed by Sliding the 
Piston Until Resonance Occurs with the Sound To Be Measured. 
The Frequency Can Then Be Determined by Reading the Graduated 
Scale on the Piston-Rod. Helmholtz Resonators Are Shown at the 
Left. These Consist of Hollow Brass-Spheres Having a Large Hole 
through Which the Sound Enters and a Small Hole Opposite, Which 
Is Placed to the Ear. By Listening through One of Them and 
Varying the Speed at Which a Gear Is Running, a Certain Speed 
Will Be Found Where the Gear Noise Booms Out. It Is Then 
Known That, at This Speed, the Gear Noise Is of the Same 
Frequency as Is Marked on the Resonator, and the Particular Gear 
Making the Noise Can Be Located. The View at the Right Shows 
the Webster Phonometer, a Tuned Device Which Responds to a 

Single Frequency Only and Can be Used for Measurements 
musical sound to be measured. If this effect of the 
noises is not too great in comparison with the sound to 
be measured, it can be measured and subtracted from 
the readings; but it sometimes happens that the noise 
is variable in intensity and large, compared with the 
musical note to be measured, so that reliable measure- 
ments are impossible. The reason for this failure is not 
to be found in the apparatus itself, but is inherent in 
the nature of the sounds being dealt with. The ear itself 
is subject to this same difficulty and is unable to hear a 
musical tone in the presence of louder irregular noises. 

The Webster phonometer® is a tuned device which 
responds to a single frequency only and can be used for 
measurements. It consists of an adjustable cylindrical 
resonator, shown at the right in Fig. 4, in the opening 
of which is a disc, almost as large as the opening, sus- 
pended on three stretched wires. The resonator is tuned 
to the frequency of the sound to be measured and the 
wires carrying the disc are stretched until the mechani- 
cal system is also in resonance. Thus a considerable 
motion of the disc will be caused by a small intensity of 
sound of this frequency, while the response to other 
frequencies is very small. The motion of the disc is 
indicated by a beam of light reflected into an eyepiece 
by a mirror attached to it. 

Another selective measuring-instrument is shown 
partly in Fig. 5. If a transmitter is attached to the 
input terminals of this circuit and the amplifier and 
measuring circuit of Fig. 3 are connected to the output 


terminals, the combination can be used for measuring 
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the intensity of any musical sound to which the resonant 
circuit R of Fig. 5 may be tuned. These measurements 
would be as nearly independent of the effect of other 
sounds as can be expected with any resonant’device. The 
alternating currents coming from the microphone are 
amplified in the 216-A tube, and that current having the 
frequency to which the resonant circuit is tuned goes 
through the resonant circuit and is passed on to the 
amplifier, while currents of other frequencies are 
shunted out through the 3-ohm resistance and do not 
reach the amplifier. The resonant circuit can be tuned 
to different frequencies by varying the condenser. When 
comparing sounds of different frequencies with each 
other, a calibrating voltage of the same frequency as 
the sound being measured must be substituted in the 
place of the microphone, because the over-all sensitivity 
of the selecting circuit depends on the frequency. A 
more complicated selecting circuit whose calibration is 
independent of the frequency is described by Wegel and 
Moore’. 

More complicated networks of resonant circuits called 
“electric wave filters” can be designed to limit the meas- 
urements to all frequencies below a certain limit, or to 
all frequencies above a certain limit, or to a band of 
frequencies lying between two limits. As regards dis- 
turbances by irregular noises, filters have the same limi- 
tations as resonant circuits. The design and construc- 
tion of filters are tasks for the specialist. 


CONCLUSION 


It may seem that this discussion has emphasized the 
difficulties of sound measurement and left the reader 





™See the Bell System Technical Journal, vol. 3, No. 2, p. 299. 
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with the feeling that he now knows less about the gub- 
ject than before. The fact is that the difficulties do 
exist and must be recognized before progress can be 
made. It is easy to build an instrument that will give 
an indication due to a sound, but it is not always go 
easy to tell what these indications mean. 
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JOU RNAL-BEARING LUBRICATION 


(Concluded from p. 460) 


could be used; but poor lubrication during the starting 
and: stopping of the bearing determines the metals to 
use. The best results are obtained if one surface is hard 
and perfectly formed. It can then run with a softer sur- 
face upon which less care need be expended in finish and 
alignment, because the smooth true hard surface will 
gradually wear the softer one into good condition. Or- 
dinarily the journal is made much more accurately than 
the bearing; the bearing is made softer and, under con- 
ditions of poor lubrication, the bearing metal, being 


softer, will wear away. I understand that cast iron will 
run on cast iron of the same hardness and texture under 
some conditions. The granular graphitic nature of the 
metal may have something to do with it. Soft steel will 
not run on soft steel, if the pressure is high and the 
surfaces are allowed to touch. In a testing-machine we 
tried to run a soft-steel journal in a soft-steel bearing. 
Forged steel was used to avoid blow holes that might 
interfere with measurements of film pressures. Seizure 
occurred and we discontinued the trial. 
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Worm-Gearing for Final-Drive 


APERS comprising some of the latest data on 
P worm-driven axles were presented at the meeting 

of the Indiana Section that was held April 8, 1926, 
those by G. H. Acker and by C. H. Calkins being printed 
in full herewith, together with the discussion that fol- 
lowed their presentation. 


THE SUITABILITY 


In accordance with the usual practice, the edited steno- 
graphic report of the oral remarks made at the meeting 
was submitted to the various speakers for their approval 
and to the respective authors for any additional comment 
considered by them desirable. The corrected discussion 
follows the presentation of the printed papers. 


OF AUTOMOTIVE 


WORM-GEARING 


BY G. H. ACKER’ 


ABSTRACT 


cogent to a brief review of the development 
of the worm-gear drive for motor-trucks and the 
gear-ratios considered most desirable, the author dis- 
cusses comparatively the worm-gear and the spiral- 
bevel gear with regard to their application for specific 
service, as well as with regard to their cost and length 
of life. 

It is brought out that the worm-gear is, after all, 
very similar in action to any sliding, or journal, bear- 
ing. A certain amount of involute rolling-action takes 
place in the action of the gearing, the magnitude of 
which increases with the gear-ratio; but the primary 
action is one of sliding of the worm-threads across the 
gear-teeth. Simple as this fact is, the prejudice fos- 
tered by many people against worm-gears can be 
traced to lack of appreciation of it. Due to the nature 
of the surfaces in contact, the best obtainable bearing 
takes the form of a narrow strip running across the 
gear-tooth, and the bearing pressures obtained are 
high. Therefore, it is indicated clearly that the most 
favorable bearing-conditions should be maintained. 

Lubrication of worm-gearing is considered, as well 
as the kinds of bronze and steel most suitable as worm- 
gear material. As to the mechanical strength of worm- 
gears, the difficulties of estimating this correctly are 
cited and it is explained that wide variations in the 
quality of lubricant used, in kinds of material, in design 
and in workmanship are responsible. 

In conclusion, it is said that the limit of load on 
worm-gearing seems. to be set by the fatigue limits 
of the bronze. Therefore, the author looks to nickel- 
bronze, with its greater ductility and length of fatigue 
life, to increase the load-carrying capacity of worm- 
gearing and says that experiments to prove or dis- 
prove this possibility are in progress. 


/ \HOSE who have had long acquaintance with auto- 
motive engineering no doubt will look upon the 
present display of interest in worm-gearing as a 

final-drive for passenger-cars as the continuance of an 

old argument started in that earlier period when the 
spiral-bevel gear was generally adopted in place of the 
straight-bevel gear. The spiral-bevel gear unquestionably 
is a great improvement on the straight-bevel gear, since 
it provides greater strength, quieter operation and 
longer life through the reduction of shock loads. 

At the time of its adoption, the spiral-bevel gear of- 
fered what then constituted many advantages over the 
worm-gear. Its use entailed no radical changes in the 
design of the vehicle itself, or in any part except the 
gearing. It was superior to the straight-bevel gear in 
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sufficient measure to win public approval and was very 
rapidly brought to a high state of development by capable 
persons; so, its manufacturing costs were low and a 
sufficient number of men trained in this type of gear 
work were in the field to put the device “over” correctly. 
The device was very little different in principle from the 
straight-bevel gear, and no development work on mount- 
ings and the like was necessary. 

The worm-gear was an English development, and its 
introduction into this Country was but just undertaken 
at the time of the transition from straight-bevel to 
spiral-bevel gears. This introduction of the worm-gear, 
in its modern form, was brought about by the demand 
from the truck builders for the worm-gear drive. This 
gearing was winning favor in England, and several 
American manufacturers were importing worms and 
gears for installation in American trucks; however, the 
machinery then in use on the production of worms and 
gears while adequate, perhaps, for truck work, could not 
produce gearing of a quality comparable to the spiral- 
bevel gear at a marketable price. Further, the worm- 
gear, mounted with the worm below as is customary in 
passenger-car work, offered less road-clearance than the 
spiral-bevel gear, a fact at that time sufficient in itself 
to turn the balance. 

In the truck field, this limitation was not felt, as the 
usual practice in truck work was to mount the worm 
above the gear. The gear-ratios required for truck work 
were much lower than the ordinary passenger-car gear- 
ratios, and were so low that the worm-gear was about 
the only available mechanism that could accomplish them 
in a single stage. Due again to these low gear-ratios, 
regarding the gear-ratio as defined customarily by auto- 
motive engineers, a low ratio being one providing for low 
wheel-speeds, the production of truck gearing was a 
much simpler matter than that of passenger-car gear- 
ing, for the lead-angle, or helix-angle, of a worm de- 
creases with the ratio of the gearing. In general, the 
smaller the helix-angle of the worm is, the fewer are the 
worm-threads and the simpler is the manufacture of 
both worm and gear. To illustrate this point more 
clearly, the gear-ratios required for truck work varied 
from about 6% to 1 to about 1414%4 tol. The gear having 
a 614 to 1 ratio would have four or possibly six threads, 
dependent upon the load conditions, and the gear having 
a 14% to 1 ratio would have two threads. The ratios 
required for passenger-car work vary from 3% to 1 to 
5 to 1. The 3% to 1 ratio would require eight threads 
on the worm, and the 5 to 1 ratio either five or six 
threads, depending on load conditions. These multi- 
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thread ratios were extremely difficult to construct on the 
early machinery. 

In spite of these handicaps, some very interesting ex- 
periments were performed on the worm-gear problem 
and, to my knowledge, at least one passenger-car builder 
employed the worm-gear successfullly as a final-drive. 
This was on the old Garford car, built, I believe, under 
supervision of the Willys-Overland Co., in which worm- 
gearing on 6-in. centers was used, with gear-ratios vary- 
ing from 4 1/7 to 1 to 45/6 to 1. This car was built in 
1913 and 1914, and was fairly successful. As late as 
1924 we had calls for replacement parts for it, and I am 
told that the Toledo, Ohio, Fire Department has a road- 
ster of this vintage still in service. This gearing was 
somewhat large for the job, but I have been assured by 
the engineer who designed the car that it showed but one 
defect. The gear was built with a side flange, or skirt, 
which was bolted against the differential case. The 
gear-ring proper was bored to fit on the differential-case 
flanges, and was too light in section. The gears some- 
times broke through this rim section under the driving 
strains. No difficulty was ever experienced with tooth 
failures; in fact, the gear sent in to us for replacement 
in 1924 showed very little wear, and had a highly pol- 
ished tooth-contact surface. 


PRESENT INTEREST IN WORM-GEARING 


Today, the interest in worm-gearing is acute. This 
interest is brought about by various changes in automo- 
bile standards, of which perhaps the most important is 
road-clearance. We seem to be caught between two fires; 
safety, demanding lower chassis height and a lower 
center of gravity, and independence of road conditions 
demanding maintained road-clearance. This latter item 
is becoming more and more overshadowed by the first, 
as the road conditions throughout the Country have im- 
proved and the average road-speeds have increased. In 
fact, the introduction of the worm-gear drive in the ma- 
jority of cases would not require any real reduction in 
road-clearance from present practice, unless one chooses 
to limit the definition of road-clearance to clearance 
under the axle. In present designs, the clearance under 
the flywheel-housing is less or at least as small as the 
clearance under the axle, and this seems to me to be a 
much more serious problem, due to the fact that the fly- 
wheel-housing is located between the two axles and there- 
fore is at a disadvantage when the two axles straddle a 
rise. 

In stating that the demand for a lowered center of 
gravity has favored the adoption of the worm-gear it is 
pointed out that, with the worm located below the gear, 
the propeller-shaft is dropped from 4 to 5 in. below the 
corresponding location for a spiral-bevel drive, making 
it possible to lower the frame by very nearly that amount 
and still maintain the necessary spring-deflection clear- 
ances; but in doing this it is of course necessary to give 
a greater inclination to the engine so as to straighten 
out the drive-shaft. 

Another inherent feature of the worm-gear is quiet 
operation and, in this day of closed cars, this should con- 
stitute a real advantage. Properly cut worm-gearing 
can be assembled quickly and accurately for quiet run- 
ning under all service conditions. The spiral-bevel gear 
can also be made to operate quietly, but with less ease. 
The problem of overcoming heat-treatment warpage in 
the spiral-bevel gear never has, to the best of my knowl- 
edge, been satisfactorily overcome. As a result, a very 
rigid inspection and the testing of assembled spiral- 
bevel axles is required to assure quietness. It has been 
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my observation that the percentage of rejection of spiral- 
bevel axles rises, at times, to an appreciable figure, even 
in the best-regulated plants. 


Cost OF WORM-GEARING AND LENGTH OF LIFE 


Seemingly, the strongest argument so far advanced 
against worm-gearing is its cost. The cost of a worm 
and gear is inherently greater than the cost of a spiral- 
bevel gear and pinion, due chiefly to the materials and 
to the fine degree of development of production ma- 
chinery for this latter form of gearing; but this apparent 
price-difference does not, or should not, tell the whole 
story. The problem of mounting the worm and gear 
correctly to provide all necessary adjustment is a simpler 
one than that of mounting the spiral-bevel gear. In the 
latter, adjustment of the differential-case assembly 
lengthwise of the axle-shafts and adjustment of the 
pinion in and out of the gear are required while, on the 
worm-gear assembly, the adjustment of the differentia] 
assembly alone suffices because the worm is fundament- 
ally cylindrical, and requires no accurate positioning in 
the direction of its axis. This feature should enable 
economies in the number and in the complexity of the 
parts in the carrier and should shorten assembly time, 
two items that should be figured to the credit of the 
worm-gear in determining the relative cost of the two 
drives. I am informed that English manufacturers who 
employ both types of gearing claim that there is no 
difference in cost between the two types of drive if taken 
on the basis of the complete assembly. 

The probable length of life of the worm-gear is a 
matter of conjecture but, in truck and in motorcoach 
work, many proved instances. are on record of gearing 
that has run more than 200,000 miles and is still giving 
satisfactory service. It should not be a difficult matter 
to provide worm-gearing having a greater length of life 
than that of the engine. 


ACTION OF WORM-GEARING 


To leave the subject of the worm-gear in its relation 
to the automotive field and confine ourselves to worm- 
gearing, the worm-gear is, after all, very similar in 
action to any sliding or journal-bearing. A _ certain 
amount of involute rolling-action takes place in the action 
of the gearing, the magnitude of which increases as the 
gear-ratio increases, but the primary action is one of 
sliding of the worm-threads across the gear-teeth. Sim- 
ple as this fact is, the prejudice fostered by many people 
against worm-gears can be traced to lack of appreciation 
of it. Due to the nature of the surfaces in contact, the 
best obtainable bearing takes the form of a narrow strip 
running across the gear-tooth and the bearing pressures 
obtained are high. It is, therefore, clearly indicated 
that the most favorable bearing conditions should be 
maintained. However, in most cases of prejudice against 
worm-gearing, we find that the individual concerned has, 
at some time in his career, had a bitter experience with 
some sort of poorly thought-out worm-gear, usually a 
cast-iron gear and a soft-steel worm. I have seen many 
examples of this sort in which the designer considered it 
desirable to employ babbitt or bronze bearings on the 
worm or on the gear-shafts, but was not at all troubled 
as to what the gearing itself would do for want of a 
bearing. I am aware that cast iron and steel, especially 
hardened steel, can be relied upon to give a very good 
bearing for slow-speed work but, where speeds of any 
appreciable magnitude are encountered, the same el 
gineer who uses cast-iron and soft-steel worm-gearing 
puts his worm-gear shafts in bronze. 


As | 
sliding 
those 
ing ac 
and d 
joads. 
meeti! 
pronz! 
treate 


Lul 
nals : 
must 
wear 
we m 
worrr 
ment: 
ing ‘ 
mate 
so ok 
stood 
expel 
liarit 
some 
ject. 
as tl 
ent ' 
do tl 
for | 
ena, 
film 
have 
surf 
run 
to r 
cati 
perf 
cast 

0 
pres 
ard 
moc 
eral 
slig 
van 
duc 
eve 
can 
wh 


le 





As stated, the action of worm-gearing is primarily a 
sliding one and the best materials for worm-gears are 
those that offer the lowest frictional resistance to a slid- 
ing action but at the same time show suitable strength 
and ductility to withstand the stresses induced by the 
joads. Hardened steel and bronze have proved best in 
meeting these requirements. A number of steels and 
bronzes are used for this work, but this subject will be 
treated later. 

LUBRICATION 


Lubrication plays the most important part in all jour- 
nals and other sliding mechanisms. The sliding metals 
must be separated by a suitable film of oil to prevent 
wear and loss of power. It has been argued that, since 
we make out a case of so-called perfect lubrication for 
worm-gearing, we defeat our argument on the require- 
ments of suitable materials; for, if we separate the slid- 
ing surfaces with an oil-film, how can it matter what 
material is used in those surfaces? The answer is not 
so obvious and, more than that, it has never been under- 
stood clearly. At present, the Bureau of Standards is 
experimenting with a view toward determining the pecu- 
liarities of friction more accurately, and has obtained 
some valuable and long needed information on this sub- 
ject. My version of the Bureau’s findings is that, just 
as there exist, between different liquids and oils, differ- 
ent values of surface-tension and of vapor-pressure, so 
do these different oils possess varied adhesive properties 
for different materials and, by virtue of these phénom- 
ena, an oil might have a great tendency to maintain a 
film between a steel and a bronze bearing-surface, yet 
have but a slight tendency to film between two bearing- 
surfaces of steel. When we find worm-gearing that has 
run 200,000 miles and that the wear is not great enough 
to render the gear unserviceable, we feel that the lubri- 
cation on that gear must have been a fair approach to 
perfection. At the same time, we have no idea that a 
cast-iron gear would stand-up under this service. 

Originally, worm-gearing was cut with a 14'4-deg. 
pressure-angle, presumably because this angle was stand- 
ard for spur-gearing. This angle has been increased in 
modern practice, a 30-deg. pressure-angle being the gen- 
erally accepted value, although this practice varies 
slightly among the different manufacturers. The ad- 
vantages of this greater pressure-angle are that it pro- 
duces a gear-tooth form that is free from undercutting, 
even with the greater lead-angles, and it reduces the 
cantilever loading of the gear-teeth which is desirable 
when the gear-teeth are made of bronze. 


BRONZES FOR WORM-GEARING 

Three kinds of bronze are now in common use as 
worm-gear material for automotive work. Aluminum- 
bronze has proved satisfactory but is rather difficult to 
cast, owing to the rapid rate of oxidation of the alu- 
minum, and is therefore less favored than the so-called 
phosphor-bronze, known also as English gear-bronze, 
and than S.A.E. No. 65 phosphor gear-bronze. However, 
the aluminum-bronze has the advantage that it can be 
die-cast ; but since very few worm-gears are in produc- 
tion in sufficient quantity at present to warrant die- 
casting, the phosphorized, or phosphor-cleansed bronze 
i$ more common. This bronze has been used almost 
universally for the last 10 years for automotive work, 
and has proved very satisfactory. It cannot be die-cast, 
owing, I understand, to the corrosion of the mold by the 
phosphorus. 

Recently, a nickel-bronze has been placed on the mar- 
ket and experimental work indicates that it is much to 
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be preferred to either of the other two for automotive 
work. This is a copper-tin bronze with the addition of 
a certain slight percentage of nickel, the exact amount 
of which varies among different producers. This bronze 
has higher physical-test properties than the standard 
bronze, being greatly superior in ductility. We have 
made several field-tests of this material, comparing it 
with the aluminum-bronze and the English bronzes, and 
have found the nickel-bronze far superior. 


STEELS FOR WORM-GEARING 


The requirements for the steel of which the worms 
are made are that it be fairly free from heat-treatment 
warpage and that, while free-machining in its normal 
state, it be capable of hardening to a 75 to 85 scleroscope 
hardness on the threads and retain a tough core. The 
best steel for this purpose seems to be S.A.E. No. 2315 
steel having heat-treatment G. Thus, a hard case about 
1/16 in. in depth is secured, and a tough core is pro- 
duced that is needed to withstand the bending stresses 
to which the rotating worm is subjected. 

All steels undergo some heat-treatment warpage. In 
the heat-treatment of worms, this warpage is most ob- 
jectionable in that it has a tendency to vary the lead on 
the threads. These threads tend to unwrap from the 
worm-body, or root-cylinder, especially near the ends of 
the threaded portion. The only remedy for this is, in 
roughing, to leave the thread oversize by a sufficient 
amount to permit grinding to the true lead after heat- 
treatment. Usually, the grinding operation is followed 
by polishing with rouge to obtain the best possible bear- 
ing-surface. 

STRENGTH OF WORM-GEARING 


As already stated, one factor favoring the introduc- 
tion of the spiral-bevel gear years ago was that engi- 
neers were available who understood the designing of 
that type of gearing. The spiral-bevel design was en- 
tirely rational, and a stress analysis could be made 
that established the suitability of a given gear for its 
required work. But very little was known definitely in 
1912 and 1913 regarding the rating of worm-gearing, 
and the worm-gear differs from other gearing in that it 
cannot be rated according to its mechanical strength. 
Most engineering handbooks deal briefly with worm- 
gears and, when the subject of rating is treated at all, 
the treatment usually takes the form of a constant- 
horsepower law, expressed as PV equals K, in which P 
represents pressure, either in pounds per square inch of 
projected tooth-area or in total end-thrust of the worm, 
and V represents the pitch-line velocity, or mean rub- 
bing velocity of the worm. The constant, K, usually 
varies considerably with the source of the data. This 
constant-horsepower law means that if the velocity be 
decreased the pressure can be increased, so that their 
product, the horsepower transmitted, is constant. The 
explanation for the wide variation of the constant K 
lies probably to some extent in the use of different 
lubricants, different materials and different degrees of 
workmanship but, to some extent, also, it lies in the use 
of different housings for the experimental gears, because 
most of these values of K were obtained by experiment. 

What the foregoing law really defines is the heat- 
dissipating capacity of the housing in which the experi- 
mental gearing was operated, rather than to define any 
capacity of the gearing itself; for, if a worm-gear is 
operated under load in a suitable oil-carrying housing, 
heat is generated within the housing due to the churning 
of the oil and the consequent loss due to friction, to the 
frictional loss in the gear contacts, and to that in the 
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shaft bearings. If the load be increased at constant 
speed, an increase in the amount of heat generated will 
occur and the temperature of the housing will rise. Then, 
one of two things can happen; either the oil will thin-out 
with the temperature to a point at which perfect lubrica- 
tion fails and metallic contact occurs between the worm- 
thread and the gear-tooth, in which case the rate of 
heat generation will be increased and the gearing will 
destroy itself, or, the housing temperature will rise 
merely to a point of equilibrium at some temperature 
lower than the thin-out temperature of the oil, this being 
an equilibrium temperature at which the heat dissipated 
by the housing is exactly equal to the heat generated 
within it. For a given lubricant, there will be a more or 
less fixed safe limit of operating temperature and, if the 
temperature of the room remains fixed, a definite amount 
of heat can be radiated from the gear housing safely; 
therefore, a definite amount of heat can be generated 
within the housing safely, or, a fixed horsepower can be 
transmitted through it. 
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We have proved by experiment that the capacity of 
worm-gearing, as defined by the foregoing law, can be 
altered by changing the design and the heat-radiating 
capacity of the housing. The constant K is changed by 
merely altering the design of the housing but, within 
reasonable limits, the general law still holds. This law 
is not applicable to the rear axle, however, for the rear 
axle is cooled by the rush of air below the car and the 
heat-radiating capacity of the housing is increased with 
the speed of the car and its gearing, since the cooling- 
effect of the air is in some measure proportional to the 
air-velocity. 

Under automotive conditions, the limit of load on 
worm-gearing seems to be set by the fatigue limits of 
the bronze. Therefore, we look to nickel-bronze, with its 
greater ductility and length of fatigue life, to increase 
the load-carrying capacity of worm-gearing. Experi- 
ments to prove or disprove this possibility are now being 
conducted, and definite information, based on the results 
obtained, should be available shortly. 


WORM-GEARS AND WORM-GEARED AXLES 


BY C. H. 


ABSTRACT 


Fl gtgen a brief historical review of the development 
of worm-gears, the author deals with worms and 
worm-wheels in detail, presenting the subjects of 
proper choice of materials, tooth-shapes, worm-gear 
efficiency, the stresses imposed on worm-gearing and 
worm-gear axles. Usually, he says, the worm is made 
of case-hardened steel of S.A.E. No. 1020 grade; how- 
ever, when the worm-diameter is smaller and the 
stresses are greater, nickel-steels such as S.A.E. Nos. 
2315 and 2320 grades are utilized. The worm should 
be properly heat-treated and carbonized to produce a 
glass-hard surface. Grinding of the worm-thread is 
necessary to remove distortions. Bronze is the only 
material of which the author knows that will enable 
the worm-wheel to withstand the high stresses im- 
posed by motor-vehicle axles, and three typical bronze 
alloys are in common use. The degree of hardness of 
the bronze is very important. 

Duralumin, forged and heat-treated and used for 
worm-gears, costs approximately the same as bronze 
and reduces the weight two-thirds; such worm-wheels 
have withstood severe service. 

As to tooth-shape, the common pressure-angle is 30 
deg. This angle produces an included axial-angle of 
60 deg. and a normal included-angle of 40 or 50 deg., 
depending upon the lead, and also secures proper re- 
versibility. A properly made worm-gear is as effi- 
cient as any other form of gearing, according to the 
author, and he mentions efficiencies of from 97 to 99 
per cent attained by hour-giass-shaped worms under 
ideal loads and conditions. Tooth-pressures and rub- 
bing velocities are the two important considerations 
affecting stresses on worm-gears; the relative stresses 
vary with the lead angle. In conclusion, it is stated 
that if a worm-gear axle is unsuccessful, this is due to 
imperfections of design and of manufacture and not 
because the principle of the worm-gear drive is not 
practicable. 


ORM-GEARS began to be used in England about 
1908 by Lanchester for motor-cars and by 


Dennis for commercial motor-vehicles, and worm- 
gearing was introduced into this Country from England 
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about 1911. Three companies in the United States began 
the manufacture of modern worm-gears almost simul- 
taneously, and machinery was imported from England to 
aid in their development. Previously, no worm-gears in 
this Country were markedly efficient so far as I know, or 
could be called uptodate. 

Regarding material and tooth shapes, the old-time 
worm-gear as used in machinery previous to 1910 had 
an efficiency not better than 60 per cent. In fact, some 
worm-gears at present used in machinery are very much 
out of date. It should be realized that more advance in 
the theory and practice regarding worm-gears has been 
rade since 1911 than perhaps in the previous 50 years. 

Until recently, worm-gears with leads from 3 to 6 in., 
such as are now common on motor-truck axles, were 
rarely used. The grinding of the tooth of the worm was 
unheard of and little was known of correct tooth-shapes 
and angles and their relation to efficiency and reversi- 
bility. Still less was known of the relation of various 
steels and bronzes to efficiency and durability. Even at 
present, few brass-foundries are able to produce a gear- 
bronze which is properly cast and chilled to enable it to 
meet the high requirements of the modern worm-wheel. 
At each foundry it is thought easy to meet the require- 
ments, but experience has taught me that only in foun- 
dries specializing in this work and in which lengthy 
experience has been acquired are the manufacturers able 
to produce desirable results. I have in mind not more 
than three foundries that can be depended upon to make 
bronze which is properly chilled and has the proper wear- 
ing qualities to make a worm-wheel suitable for an auto- 
mobile, although many foundrymen will disagree with 
this statement. 

In one instance, we were testing a much advertised 
and highly recommended grade of bronze in our testing- 
machine. The speed and the load were adequately con- 
trolled. This gear had been running for a number of 
days on light or normal loads, but when we suddenly 
doubled the load and the speed, the gear was ruined in 
30 min. This added speed and load was not in excess of 
what the gear might be subjected to occasionally in a 
motor-truck, but the bronze was not equal to the emer- 
gency and we used no more of that grade. There is a 








dearth of reliable literature on the modern worm-gear. 
Its development has been so rapid that the treatises on 
it are not uptodate and the worm-gear is still the victim 
of widespread fallacious reasoning that influences many 
people. 

Referring to the worm-gear axle, worm-gears of the 
hour-glass type were used in an automobile axle in 1912 
by the Atlas Knight Co., Springfield, Mass. These gears 
were not satisfactory but, later, they were changed to 
the straight type and these were fairly good. I believe 
the first worm-gear passenger-car axle to be made in this 
Country was assembled at Springfield, Mass., in 1912. 
The gears were made by the Brown & Sharpe Mfg. Co. 
In 1913 this company was consolidated with the Indian- 
apolis Engineering Works and for some time a worm- 
driven car was built there. The Jeffrey Co., Kenosha, 
Wis., used in its automobiles in 1913 about 50 sets of 
straight-type worm-gears which, according to reports, 
were very satisfactory, but they were not adopted as 
regular equipment because it was feared that the public 
was not ready for this change, rather than because the 
gearing did not perform satisfactorily. All these gears 
were mounted underneath the axle. In 1909 and 1910 
the H. H. Franklin Mfg. Co., Syracuse, N. Y., produced 
trucks driven by worm-gears. 


CHOICE OF MATERIALS 


The worm of a worm-gear should be made of case- 
hardened steel. S.A.E. No. 1020 steel commonly is used 
for ordinary work but, when the diameter is small and 
the stresses great, nickel-steels, especially S.A.E. Nos. 
2315 and 2320, are resorted to. It is somewhat question- 
able, in many instances, whether the nickel-steels pro- 
duce superior results. The worm, as it is designed for 
passenger-car ratios, usually is large enough to with- 
stand the necessary strains and the No. 1020 steel is 
less costly, machines more easily, distorts less and 
straightens better than the nickel-steels. In any event 
the worm should be heat-treated and carbonized properly 
to secure a glass-hard surface and, the harder the sur- 
face is, the better it is. 

However, some portions of the worm, such as the 
threads on the ends, should be soft. In worms of com- 
plicated design, the hard and the soft spots very often 
alternate throughout its length, requiring skill and in- 
genuity to produce such a condition. Worms distort 
during the heat-treating process and the grinding of the 
threads is necessary to restore them to true form. Obvi- 
ously, it is desirable to remove as little as possible of 
the precious ‘“‘case” on the outside of the threads. For 
this reason it is customary, when it is found that the 
threads of a particular worm unwrap or that the lead 
elongates in hardening, to mill or to hob this thread 
with a shorter lead so that the heat-treatment will make 
the threads approximately correct, thus requiring the 
removal of only the minimum amount of stock by grind- 
ing. The teeth or “starts” of a worm are cut either by 
milling or by hobbing. Hobbing is more economical for 
large production enterprises. 


SUITABLE BRONZE FOR WORM-WHEELS 


Selection of suitable worm-wheel bronze is very im- 
portant. Bronze is the only material of which I know 
that will withstand the high stresses imposed by auto- 
mebile axles, although cast iron is all right and makes a 
fine cheap gear where the speeds are low and the stresses 
are light. 

Three bronze alloys are in common use for automo- 
bile worm-gears in this Country. The first is 88.50-per 
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cent copper, 11.00-per cent tin, 0.25-per cent lead, and 
0.25-per cent phosphorus. This is the familiar S.A.E. 
No. 65 phosphor gear-bronze. In its chilled condition, it 
has an ultimate tensile-strength of 33,000 to 40,000 lb. 
per sq. in., an elongation of 4 to 8 per cent and a Brinell 
hardness of 75 to 90. This is perhaps the most com- 
monly used bronze alloy for worm-gearing. 

The second is an aluminum-bronze composed of 89-per 
cent copper, 10-per cent aluminum, and 1-per cent iron. 
In its heat-treated state, it has an ultimate tensile- 
strength of from 80,000 to 93,000 lb. per sq. in., an 
elongation of 4 to 10 per cent and a Brinell hardness of 
170 to 200 under a 3000-kg. (6614-lb.) load. This bronze 
is not chilled. It has been used extensively by one 
builder of worm-geared trucks and is an exceedingly 
strong bronze, but I understand that the wearing quali- 
ties are not so good as those of the S.A.E. No. 65 phos- 
phor gear-bronze. 

A third alloy is coming into use rapidly which con- 
tains 88.50-per cent copper, 10.00-per cent tin, 1.00-per 
cent nickel, 0.25-per cent lead and 0.25-per cent phos- 
phorus. This has an ultimate tensile-strength of better 
than 40,000 lb. per sq. in., an elongation of around 4 per 
cent when cast in a three-sided chill and a Brinell hard- 
ness of 90 to 110. 

Bronzes are susceptible to and can be greatly im- 
proved by heat-treatment. They can also be cast cen- 
trifugally under varying pressures which result in con- 
siderable improvement. The teeth can be cast in place 
so as to require but a small amount of finishing and 
this, for large production, is extremely desirable be- 
cause it saves not only metal and labor but makes the 
gear structure considerably better, since the chilling 
gets into the teeth and the wearing-surface instead of 
being largely hobbed away, as is true of the ordinary 
surface-chill. 

In industrial work, when a worm-wheel has a hub and 
a web, the center portion can be made of cast iron, have 
projections cast on the outside and the bronze cast 
directly on the cast iron, which is first heated and then 
placed in the sand. If properly done, this is a very 
successful and economical method. The depth and in- 
tensity of the chilling can be varied by changing the 
section of the chill. 

The hardness of bronze is a very important feature. 
To secure the best results, a certain relative hardness 
should exist between the steel and the bronze tooth, so 
that the surface of the bronze tooth will burnish down 
and increase its Brinell hardness at the point of con- 
tact and highest pressure. Gear-bronze should, if over- 
loaded, peen-out at the edges of the teeth and should not 
fail by granular disintegration. 


DURALUMIN WORM-W HEELS 


Duralumin has been forged and heat-treated and made 
into worm-gears that have stood-up in a very satisfac- 
tory manner under some very hard tests, such as the 
service in the Fifth Avenue motorcoaches in New York 
City. The cost of duralumin worm-gears is approxi- 
mately the same as that of bronze worm-gears and the 
saving in weight is about two-thirds. The tensile- 
strength is around 55,000 lb. per sq. in., minimum. In 
the center of an axle, weight-saving is of great impor- 
tance. 

Worms and wheels are often finished by lapping them 
together or mating them with suitable masters. This 
gives an extremely fine finish that looks very well and 
perhaps improves the efficiency somewhat; however, it 
is not done, ordinarily. The contact between the worm 
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and the wheel is important. It should be in the center 


of the wheel-tooth and should, at the beginning of its 


service, have an oval form. Changing the diameter of 


either the worm or the wheel will change the contact- 
angle and will shift the point of contact. In fact, on 
exact work, the last few thousandths of an inch of worm 
or of worm-wheel diameter are often determined by 
experiment, the guide being the contact as it shows up 
on the testing-machine. The amount of backlash is also 
important and should be as small as possible, bearing in 
mind, however, that all worm-gears generate heat in 
operation and that space must be provided for a heavy 
lubricant. On worm-gears of passenger-car sizes, a 
backlash of from 0.005 to 0.010 in., measured on the 
center dimension between the worm and the wheel, is 
customary. 


WoRM-GEAR TOOTH-SHAPES 


The common pressure-angle for worm-gear teeth is 30 
deg., which provides an included axial-angle of 60 deg. 
and a normal included-angle, depending upon the lead, 
of around 40 to 50 deg. This angle produces a very 
strong tooth, is open enough so that a substantial wheel 
can be used for grinding the worm-threads and gives 
proper reversibility for ordinary automobile-ratios, as 
reversibility is dependent not only upon the lead-angle 
but upon the included angle of the tooth as well. Theo- 
retically, the included angle of the tooth should vary 
with the lead so as to secure perfect reversibility; in 
practice, however, with modern materials and finishes, 
a 60-deg. axial included-angle answers all practical re- 
quirements. 


EFFICIENCY OF WORM-GEARING 


Modern worm-gears are very efficient, but it is rather 
futile to give exact figures because they must always 
be qualified by the conditions under which the tests are 
made. Tests made with hour-glass worms and worm- 
gears under ideal loads and conditions have shown an 
efficiency as high as 98 or 99 per cent. I am speaking 
now simply of friction between the worm-teeth and do 
not include bearing losses or losses due to oil-splash and 
the like. Other tests show a 97-per cent efficiency. In 
general, it can be said that a properly made worm-gear 
is as efficient as any other form of gearing. One factor 
entering into this efficiency is the gradual contact of the 
teeth which allows them to be separated by a film of oil 
at much greater pressures than is the case under other 
conditions. 

An erroneous idea is that the reverse efficiency of a 
worm-gear is much less than the forward efficiency, but, 
in fact, the reverse efficiency is almost equal to the for- 
ward efficiency and is much less than 1 per cent less 
efficient. 


Hour-GLASS TYPE OF WORM 


The hour-glass type of worm has all the worm-teeth 
in full contact with the wheel simultaneously, which is 
not true of the straight type of worm; therefore, the 
tooth-pressure per square inch is less and, consequently, 
the distance between centers can be reduced. The tooth- 
shapes allow very good lubricating conditions. It is 
commonly supposed that this type of worm cannot be 
ground, but it can be ground commercially with a hard 
emery-wheel. However, one disadvantage is that it must 
be mounted accurately and permanently in a fore-and-aft 
position and it is somewhat more expensive to make be- 
cause not only the wheel but the worm as well must be 
made with a hob, the worm-hob being of the same diame- 
ter as the worm-wheel. 





STRESSES ON WORM-GEARS 

Worm-gear stresses can be calculated easily. The 
stresses vary with the lead-angle of the worm; that is, 
the values of the various stresses are influenced by the 
lead-angle. In designing worm-gears, tooth-pressures 
and rubbing velocities must be taken into consideration. 
I will not quote any specific allowable tooth-pressures, as 
they vary according to the method of calculation and 
with the amount of tooth-area which may be assumed 
to be in contact. 


WoORM-GEAR AXLES 


The worm-gear axle is normally and inherently quiet 
without requiring expensive adjustment or expensively 
accurate machine-work. This, I believe, is not true of 
spiral-bevel gears. After interviewing most of the axle 
manufacturers and automobile builders I find that, 
almost without exception, they report noise trouble in 
their spiral-bevel-geared axles or, if they have overcome 
this to a greater or lesser extent, they do it by expen- 
sively accurate machine-work on the axle and by read- 
justment after the cars are on the road. In any of its 
forms, the spiral-bevel gear has one disadvantage over 
the worm-gear in that the ring gear is of heat-treated 
steel. The heat-treatment distorts the gear and it is 
impracticable, commercially, to grind a spiral-bevel gear 
to bring the teeth to their correct shape again. Running 
them in or lapping them corrects them but imperfectly. 
This is not true of the bronze worm-gear, because it re- 
ceives no heat-treatment after cutting and consequently 
never loses its perfect shape. 

The weight of a bevel-gear axle should not be different 
from that of a worm-gear axle of equivalent design. The 
engine-torque is the same in each case; therefore, the 
total bearing-pressures are the same and require a 
similar total for equivalent bearings. The bronze cast- 
ings cost more than steel, and therefore the initial ex- 
pense is perhaps somewhat more, but this is more than 
offset by the elimination of any adjustment after the 
initial assembly. 

HYPOID-GEARS 


The hypoid-gear is similar to a spiral-bevel gear ex- 
cept that the pinion is dropped below the center. It is 
interesting to note that the pinion, which is normally 
dropped about 2 in., can be dropped 2 or 3 in. or more; 
in fact, it can be dropped so that it runs directly under- 
neath the center line of the axle. Such gears have been 
made and tested-out in that manner. To go even farther, 
a ring-gear can be installed on each side of the bevel- 
pinion, thus absolutely balancing all pressures due to 
side-thrust. 


FUTURE DEVELOPMENT OF WORM-GEARING 


Worm-gear axles have passed the experimental stage. 
If any design of worm-gear axle is unsuccessful, it is 
because of imperfect design or construction and not be- 
cause the principle of worm-drive is not practicable. I 
remember that, in 1896, the first automobiles used ball- 
bearings and wire wheels. However, the ball-bearings 
and the wire wheels gave out very quickly and it was 
assumed that they were impracticable for automobile 
use; so, a change was made to plain bearings and wooden 
wheels. Later, however, when designers learned how to 
design ball-bearings and wire wheels properly, these de- 
vices became entirely practicable. The point I make is 
that the principles involved in the use of ball-bearings 
and of wire wheels were not incorrect. The trouble was 
that not enough was known about the design or about 
the materials needed for their construction. 
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THE DISCUSSION 


C. S. CRAWFORD’ :—Our company made exhaustive tests 
before it decided to use worm-gearing. We were inter- 
ested first in a construction which would lower the center 
of gravity materially. When we adopted the worm-gear 
drive, we burned all our bridges behind us. It would be 
physically impossible for us today to change to the con- 
ventional bevel-gear type of drive without completely 
remodeling our car. When a company takes a step of 
that kind it must be convinced that more merit exists in 
the worm-gear than the public is led to believe. On a 
trip in the West, we coasted for 17 miles on grades that 
varied from 4 and 5 per cent to 15 per cent. Making 
comparisons with cars of well-known makes, we saw no 
difference in the coasting qualities of the different types 
of car; that is, in those equipped with the conventional 
bevel-gears over our car equipped with the worm-gear. 
In addition, there seemed to be no difference of tempera- 
ture between the worm-gear housing and the bevel-gear 
housing after those long coasts, which would naturally 


lead one to believe that the tooth-pressures were not any 


greater in the worm-gear than in the bevel-gear. 

G. H. ACKER:—At the start of the present experiment 
with worm-gearing, the greatest difficulty seemed to be 
the maintenance of an oil-seal. A worm mounted below 
the gear must run in oil, and the point of egress of the 
worm-shaft from the housing is below the oil-level; so, 
some difficulty was expected in maintaining an oil-seal 
at this point. Discussion on the various ways and means 
of overcoming this difficulty would be interesting. 
English practice on this point indicates several solu- 
tions. 
thread in such a way as to cause it to return the oil to 
the housing. It has been argued that the reversal ser- 
vice has been of such slight duration that this point is 
not important. However, it is customary to seal the oil 
at this point and various materials are used for this 
work. 

L. R. BUCKENDALE‘:—Various types of oil-seal have 
been used around the worm-shaft; one is a cup made of 
leather, but the type used most frequently is a typical 
stuffing-box. As we see it, the application of worm- 
gearing to the passenger-car presents no engineering 
problem that has not been gone over thoroughly under 
different conditions. 

W. G. WALL’:—The motor-car engineer has always 
sought to eliminate vibration and noise, and the worm- 
gear eliminates at least 95 per cent of the noise and 
vibration present in the spiral-bevel gear. Although the 
spiral-bevel gear can be made so that it is almost noise- 
less, the manufacturer has great trouble to produce this 
condition. Noise comes from vibration, but often a 
vibration exists in a rear-axle from which one can hardly 
hear any resulting noise. I have often noticed that in 
bevel-gear rear-axles. The worm-gear not only does not 
seem to have this vibration, but it seems to have a ten- 
dency to soften and deaden any other vibration resulting 
from the drive-shaft or the transmission. I think this 
is one of the best reasons for using the worm-gear drive. 
I understand that some gears made of duralumin are 
being used. How does the friction of duralumin com- 
pare with that of bronze? 
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One is to provide on the worm a shallow acme 


C. H. CALKINS:—It is an aluminum alloy. 
works very well against hardened steel. 

- T. W. H. JEAcock":—Our foundry supplies gear-blanks 
for the automotive field. Mr. Acker said that tin bronze 
cannot be die-cast. It does cast satisfactorily and com- 
mercially in permanent molds. Within the last 6 months 
we have made the worm-gear blank for the Stutz car in 
a metal mold. This is a phosphor-bronze containing 1 
per cent of nickel and has the maximum physical proper- 
ties of the bronze alloy together with the benefits de- 
rived from the chilling. Engine and chassis design have 
developed and the load the axle is required to carry has 
grown from year to year, while the alloy out of which the 
worm-gear blank was made had not been improved. Until 
a new alloy was found we were limited as to what we 
could do with the worm-wheel, the teeth of which failed 
under the great unit pressure. We have now worked out 
a process of applying a chill to all of three sides of a 
worm-gear blank. This chills the blank in its entirety 
and gives an increase of at least 20 per cent in the physi- 
cal properties of the same alloy. The combination of the 
nickel-bronze and the three-sided-chill process has made 
it possible for the worm-gear blank to meet the require- 
ments of the great unit pressure successfully. 

Mr. BUCKENDALE:—Worm-gear development has had 
two phases, the development of the tooth-contacts and 
the development of the material. 

Mr. ACKER:—Supplementing Mr. Jeacock’s statement 
as to the improvement in the physical properties of the 
bronze he uses, after careful analysis recently of the 
bronze used for the three-sided chill we found about a 
20 to 30-per cent increase in tensile-strength but a much 
higher increase in ductility, about 200 per cent. 

Mr. CALKINS:—The fact that duralumin is stronger 
than most bronzes allowed us to use smaller sections. 
At one time we secured two Ford truck-axles and fas- 
tened them together in the center with equal brakes on 
four wheels and put the standard Ford aluminum-bronze 
in one and duralumin in the other. We found that, with 
the normal loads, the duralumin stood-up as well as the 
bronze. With more load, it did not stand up as well as 
the bronze. In my opinion it is all right for a worm- 
wheel, provided the load is not too great. 

V. H. SCHNEE':—The physical properties of the 
bronze have very little bearing on the problem if the 
combination of the gear and the worm material is not 
such that the oil-film can be maintained. We have found 
that there are certain combinations of metals which 
assist in the maintenance of the oil-film. Steel on steel 
does not constitute a very good bearing. Manganese- 
bronze is a better material for physical properties than 
gear-bronze, but it is not as good as bronze for main- 
taining an oil-film. 

A MEMBER:—Should the entire driving surface show 
contact? If not, about what perceritage of the face of 
the tooth does show the contact after the gear is prop- 
erly seated? Has a chassis dynamometer-test ever been 
made of the driving mount back of the axle? Have 
spiral-bevel and worm-type gears been substituted, one 
for the other, and have the comparative efficiencies of 
the final-drive been noted in that way? 

Mr. BUCKENDALE:—I know of one efficiency test of 
that nature in which the car was equipped with two in- 
terchangeable axles, one having spiral-bevel gearing and 
the other, worm-gearing. Acceleration tests were made. 
The first run was made with spiral-bevel gearing; then, 
another run was made with worm-gearing, after which 
the worm was taken off and the spiral-bevel gearing was 
used again. 


I know it 
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Mr. CRAWFoRD:—Mr. Buckendale probably refers to 
a series of tests made on the speedway at Indianapolis, 
Ind. We used for the test the largest and heaviest pas- 
senger-car we had ever built. We used what was, ac- 
cording to our knowledge, the best made spiral-bevel- 
gear drive, which had a gear-ratio of 5 to 1. The car 
was equipped so that quick changes of the axle could be 
made. The worm-drive axle had a ratio of 5 to 1. Both 
of the axles were new. By using a derrick, we changed 
completely from one axle equipment to the other every 
16 min. 

We made acceleration tests from 5 to 25 m.p.h., from 
5 to 60 m.p.h., from 10 to 25 m.p.h., from 10 to 50 m.p.h. 
and from 10 to 60 m.p.h. During the first part of the 
tests, it was almost impossible to tell the difference be- 
tween the bevel-gear and the worm-gear performance, 
on either acceleration or deceleration. What little dif- 
ference there was seemed to be slightly in favor of the 
bevel-gearing. At about test No. 50 we had completed 
about 500 miles of running. In the next 500 miles of 
running all the figures showed that the worm-gearing 


was getting better and that the bevel-gearing was get- — 


ting worse. We could account for that only after notic- 
ing at the end of the test that there was a certain amount 
of lost motion in the pinion-shaft bearings. In some 
subsequent tests we readjusted those bearings, and it 
was almost impossible to tell the difference between the 
two types of gearing. 

The car in which these axles were used had the engine 
assembly mounted so that the crankshaft was parallel 
with the ground; hence, the drive-shaft for the bevel- 
gearing was almost a straight line, but the drive-shaft 
for the worm-gearing was running at an angle almost 
to the capacity of the universal-joints. As a result of 
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our many tests, we have concluded that, while for the 
first 2000 or 3000 miles the worm-gearing might not 
have very much advantage over the bevel-gearing, after 
15,000 to 20,000 miles the worm-gear drive has a great 
advantage over the bevel-gear drive. 

Mr. BUCKENDALE:—We use the gasoline-electric drive 
in Philadelphia and we are operating the worm-gearing 
on the motorcoaches there at an 11 to 1 ratio; the worm 
turns at 5500 r.p.m. regularly, and we know of no definite 
speed-limitation so far as the worm is concerned. 

A MEMBER :—What is the power of the motors when 
run at that speed? 

Mr. BUCKENDALE :—Possibly 100 hp. 

Mr. ACKER:—In regard to worm-gearing at high 
speed, the company I represent manufactures a line of 
industrial speed-reducing units for connection to motors, 
conveyors, and the like. We make worm-gear units that 
will handle around 200 hp. A worm of that capacity is 
about 8 in. in diameter. We have such drives in service 
that we know have been running satisfactorily for 
periods of 5 or 6 years, some of them at turbine speeds. 

R. R. TEETOR’:—What is the best lubricant for lubri- 
cating worm-gears? Has a means of forcing the oil 
between the gear-teeth ever been provided; that is, 
giving the oil a flow rather than just allowing it to sur- 
round the gears? Since the worm turns at high speed, 
the tendency is to throw the lubricant from the teeth. 
Could not some simple device be provided by which the 
lubricant could be fed into the contact surface between 
the worm and the wheel? 

Mr. BUCKENDALE:—A lubricant is needed that is un- 
affected by chemical contact with gear material, but we 
are still looking for that ideal lubricant. I think little 
has been done with automatic force-feed lubrication, 
except to see that the lubricant is supplied to the gear 
in a freely flowing stream. 
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ABSTRACT 


if ewe production of quiet gears at the lowest possible 
cost is one of the problems of the automotive in- 
dustry. The grinding of the teeth of hobs having been 
perfected, attention is now devoted to the generating 
of gears by the hobbing process through the use of 
simplified spur-gear hobbing-machines. From an orig- 
inal simplified hobber having only four gears, two to 
drive the cutter and two to drive the work, a flexible 
specialized-function machine has been developed that is 
not limited to any one gear, but is designed for use on 
a number of different gears. Uniformity of angular 
velocity of the mating gears is produced by means of 
a balanced drive containing the same number of gears 
from the prime drive to the cutter-spindle as to the 
work-spindle. Details of the machine are given, as 
well as data on the production of transmission-gears, 
helical timing-gears, flywheels, and starter ring-gears, 
steering-gear worms and worm-wheels, spline shafts, 
camshaft and water-pump spiral gears, and miscel- 
laneous work. 


LTHOUGH the methods used by many automobile 
Ap in the production of gearing vary con- 

siderably, each plant is endeavoring to produce 
quiet gears at the lowest possible cost. Since perfecting 
the grinding of the teeth of hobs, which was first ac- 
complished in this Country by the company with which 
I am connected, the use of the hobbing process in gen- 
erating gears has made rapid advances; and this paper 
will treat mainly of the production of gears by that 
process. 

Not very long ago a prominent automotive engineer 
claimed that most gear troubles could be attributed to 
the hobbing-machines. He advanced the idea of a ma- 
chine having extreme simplicity, and this started a de- 
velopment in spur-gear hobbing-machines that has 
revolutionized production by the hobbing process. 

The first simplified hobbers were based on the idea 
of a machine having only four gears, two to drive the 
cutter and two to drive the work; but this principle 
involved so many limitations that from it has been de- 
veloped a machine which may be referred to as a flexible 
specialized-function machine, not limited to making any 
one gear, but designed for generating a number of dif- 
ferent gears. 

Sufficient flexibility in the machine to allow the use of 
single, double or even triple-thread hobs and ability to 
cut a limited range of teeth were found to be desirable; 
in other words, a machine not so highly specialized that 
it was adaptable to only one specific gear. 

The simplicity of the hob generating-method and the 
continuity of action for cutting gears, when compared 


with other processes, have always seemed mechanically 
right. 


REQUIREMENTS OF SATISFACTORY Hos GENERATING- 
MACHINE 


A machine, to satisfy the urgent demand for extreme 
accuracy, must be made with the working parts as ac- 
curate as possible and fitted as precisely and perfectly 
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as practicable; but no matter how accurately the parts 
may be formed and mounted, within the limitations of 
manufacturing methods, each rotating or moving part 
will contribute a certain amount of error due to its own 
minor inaccuracy. When any moving part cooperates 
with another, a certain amount of backlash is present, 
which accumulates in proportion to the number of parts. 

In an ideal hobbing-machine, there should be absolute 
uniformity of rotation between the hob and the work- 
spindle. A great deal of development has taken place 
lately through determining the uniformity of the angu- 
lar velocity of mating gears. Toward this end, the firm 
with which I am connected has perfected the balanced 


an 





Fic. 1—ONE TYPE OF MANUFACTURING HOBBING-MACHINE 


The Machine Is of Very Compact Design and Has Unusual Rigidity 
and All the Essential Features Required for the Intensive Produc- 
tion of Gear-Teeth 


drive, which means that it contains exactly the same 
number of gears from the prime drive to the cutter- 
spindle as to the work-spindle. 

The last movers on the cutter-spindle and the work- 
spindle are worms and worm-wheels, the worms being of 
hardened steel and ground all over with a very high 
degree of accuracy. Experience over a long period has 
demonstrated the superiority of a properly designed 
worm and worm-wheel, as the last mover in each train 
in a gear-cutting machine. 


ADVANCE IN INSTRUMENTS FOR CHECKING 


While improvements have been made in the hobbing- 
machine, rapid advances have also been made in perfect- 
ing instruments for checking the results obtained. 
Instruments are obtainable not only for measuring the 
product of the gear-cutting machine with regard to the 
accuracy of the involute and the tooth spacing, but for 
determining the accuracy of the cutter itself. 
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Fie. 2—VarRIOUS TYPES OF HOBBING-MACHINE OPERATIONS 

The View at the Extreme Left Shows the Roughing Out of Transmission Main Driving-Gear Having 16 Teeth, 7 to 9 Pitch, 
17y;-In. Face, and Made of 3%-Per Cent Nickel-Steel; the Left Central Illustration, the Roughing Out of a Transmission 
Countershaft Driving-Gear Having 33 Teeth, 7 to 9 Pitch, %-In. Face, of Drop-Forged Steel; the Right Central Illustration 
the Roughing Out of a Countershaft Transmission-Gear Having 3 Gears Integral, of 13, 22 and 28 Teeth, Respectively, All 
3eing of 7 to 9 Pitch, %-In. Face, and Made of 3%-Per Cent Nickel-Steel; the Extreme Right, the Finishing in One Cut 
Preparatory to Grinding of a Reduction Pinion Used in a Truck, the Pinion Having 13 Teeth of 4 to 5 Pitch, 3-In. Face, 
and Being Made of 3%-Per Cent Nickel-Steel 


Data will be given on gears of the following classifica- formed with multiple-thread hobs, whereas the finishing 
tions: of the gear-teeth is done with single-thread ground hobs. 
(1) Transmission-Gears When gears are finish-ground, the hob generating 

(2) Helical Timing-Gears method has proved most successful for finishing the teeth 

(3) Flywheels and Starter Ring-Gears preparatory to the grinding operation. In many shops, 

(4) Steering-Gear Worms the finishing of the teeth before the grinding is per- 


(5) Steering-Gear Worm-Wheels 
(6) Spline Shafts 
(7) Camshaft and Water-Pump Spiral Gears ee: : , 
(8) Miscellaneous Work ~< 13.950 Outside Diarmefer gt 


formed in one cut, for which single-thread rough-ground 








Fig. 1 illustrates one of our manufacturing hobbing- es | Poo ~~ Je 
machines, which is of very compact design and has un- +: *"¥ , 
usual rigidity and all the essential features required of a 
a machine for the intensive production of gear-teeth. . 
Careful study has been given to modern means of lubri- oe 
cation and simplicity of design, all operating controls 8-10 Pitch 
being located so as to allow easy handling. Fic. 4—FINISHING OF A SOLID FLYWHEEL IN ONE CUT 
This Flywheel Has 110 Teeth, 8 to 10 Pitch, %-In. Face, Is Made 
TRANSMISSION-GEARS of Cast Iron, and Is Finished at the Rate of 18 Per Hr. Double- 


Thread Hobs Are Used and Two Flywheels Are Cut Per Setting 
In cutting transmission-gears on a hob generating- 


. . . : obs are used. -threz bs have also be sed 
type machine, the roughing operation is usually per- hobs are used. Double-thread hobs have also been use 


with success for finishing preparatory to grinding and 
probably will be used extensively in the near future, for 
ground hobs can be produced and duplicated with a high 
degree of accuracy. To illustrate what is being accom- 
plished in the way of production, several examples will 
be shown of the cutting of different gears. 

Fig. 2, at the extreme left, shows the roughing out of 
a transmission main driving-gear having 16 teeth of 7 to 
9 pitch, 1 1/16-in. face, and made of 3 1/2-per cent nickel- 
steel. These gears are cut one per setting on a double- 
thread hob. The production rate is 67 gears per hr. 
The left central view shows the roughing out of a low 
and reverse transmission-gear having 28 teeth of 7 to 9 
pitch, 5/8-in. face, made of 3 1/2-per cent nickel-steel. 
These gears are cut eight per setting with a double- 
thread hob. The production rate is 38 gears per hr. 

The central illustration shows the roughing out of a 
transmission countershaft driving-gear having 33 teeth, 
7 to 9 pitch, 3/4-in. face, of drop-forged steel. These 
gears are cut eight per setting with a double-thread hob. 
The production obtained was 62 gears per hr. 

The right central view shows the roughing out of a 
countershaft transmission-gear having 3 gears integral, 
of 13, 22 and 28 teeth, respectively, all being of 7 to 9 
pitch, 9/16-in. face, and made of 3 1/2-per cent nickel- 
steel. All these gears are cut one per setting, using 
double-thread hobs. The production rate is 55 gears 
Fic, 3—OPeRATING SIDE OF THE LATEST TyPeE oF MaNnuracturrnc per hr., when cutting 13 teeth; 45 gears per hr., when 

Hossine-Macuinn cutting 22 teeth; and 36 gears per hr., when cutting 28 


This Machine Was Designed Especially for Cutting Helical Timing- 
Gears on a Production Basis teeth. 
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The view at the extreme right shows the finishing in 
one cut preparatory to grinding of a reduction-pinion 
used in a truck, the pinion having 13 teeth of 4 to 5 pitch, 
8-in. face, and being made of 3 1/2-per cent nickel-steel. 
These pinions are cut one per setting, using single- 
thread ground hobs. The production rate is eight pinions 
per hour. This output is an 80-per cent increase over that 
obtained when using the old universal type of machine. 

When gears are produced as rapidly as those illus- 
trated in the preceding examples, it can readily be 
realized that production feeds and speeds must be used. 
In some cases the production is equivalent to cutting 
from 40 to 60 in. of teeth per min. This amazing output 
of gear-teeth has heretofore been unheard of and is the 
result of the powerful manufacturing hobbing-machines 
developed for this specific work. 

Hobs also play an important part in the production of 
gears. In producing gears, as described in the examples, 
large-diameter hobs are used, which, with the added 
rigidity of the machine, have helped to prolong the life 
of the hobs. Hobs have been found to produce from 50 
to 100 per cent more gears per sharpening. As many 
makes of cars are being equipped with silent chains fo1 
timing, the sprockets, being similar to spur-gears, are 
being hobbed very successfully. The high degree of 
accuracy of indexing obtained from a hobbing-machine 
lends itself particularly to the production of silent-chain 
sprockets, and hobs can easily be obtained for giving the 
correct forms of teeth. Table 1 gives a tabulation of the 
number of gears secured per life of hob and the cost 
per gear. 


TABLE 1—NUMBER OF 6-8-PITCH GEARS PRODUCED PER 
LIFE OF HOB AND THE HOB COST PER GEAR 
Teeth in Gear 13 16 21 23 31 
Gears Cut per 
Sharpening of 
Hob, Using All 
Three Positions 459 500 369 486 378 


Sharpenings per 

Life of Hob 56 77 77 77 56 
Total Number of 

Gears per Life 

of Hob 
Hob Cost 

Gear, cents 


25,704 38,500 28,413 21,168 
per 
0.16 0.10 0.14 


0.11 0.19 


All hobs were 4 in 
hooked cutting 
vide three 


in diameter 
faces, and were of 
cutting-positions for 


with double threads and 
suitable lengths to pro 
each sharpening 


HELICAL TIMING-GEARS 


The cutting of helical timing-gears has presented more 
problems to the automobile industry than any other 
branch of gear-cutting, because of the exacting require- 
ments necessary’ to produce quiet gears. The contrib- 
uting factors that influence the production of timing- 
gears are so numerous that it is difficult, within the time 
allowed, to set forth the many methods used. This paper, 
therefore, will cover in only a general way this particular 
branch of automobile-gear production. 

It is a well-known fact that, to produce quiet gears, 
accuracy is of the greatest importance; otherwise, noise 
will result. The cause of noisy gears is often unjustly 
blamed on the machine or the cutting-tool, whereas the 
true cause is in the mounting of the gears. A gear is 
a product of the gear-cutting machine, the cutting-tool 
and the operator; consequently, the gear produced cannot 
be more accurate than the combined accuracy of all these 
factors. If this statement is kept in mind and care is 
exercised in mounting timing-gears, a long step will .be 
taken toward eliminating gear trouble. 


AUTOMOBILE GEARS 477 





Fic. 5—MANUFACTURING HosBBER CUTTING AUTOMOBILE STARTER 
FLYWHEEL RING-GEARS 


These Rings Are Finished in One Cutting, Using Double-Thread 

Hobs and Cutting 25 Rings per Setting. They Have 104 Teeth, & 

to 10 Pitch, 43-In. Face, and Are Made of S.A.E.-1045 Steel. The 
Production Rate Is 19 per Hr. 

Within the last 5 years, many improvements in the 


hob generating-type of machine have helped materially 
to produce more accurate and more quiet timing-gears- 
To improve the accuracy of the hob generating-type of 





Fic. 6—THE HOBBING OF AN 
The Small Insert Shows a Worm-Generating Hob, Which Is in the 


AUTOMOBILE STEERING-WoRM 


Form of a Broach Coiled Around a Cylinder; the Steering-Worm 

Shown in the Large View Has a Double Thread, 0.562-In. Linear- 

Pitch, 15,-In. Face, and Is Made of Steel Forging. The Worms 

Are Finished in One Cut from the Solid, Three Being Cut per 

Setting. The Production Rate Is One in 7 Min., from Floor to 
Floor 
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Fic. 7—Two OTHER HOBBING OPERATIONS 
At the Left Is Shown a Special Screw Take-In Fixture Used in 
the Hobbing of an Automobile Steering-Worm. In This Case, the 
Worm Has 15 Teeth, 0.544-In. Circular-Pitch, and Is Made of 
S.A.E.-1020 Steel. The Worm-Wheels Are Cut with Single-Thread 
Hobs and Are Finished in One Cut at the Rate of 16 per Hr. The 
View at the Right Shows the Hobbing of a Universal Stub-Shaft 
Having 10 Teeth and 2-In. Face, and Made of S.A.E.-1045 Steel. 
These Shafts Are Finished in One Cut on a Manufacturing Type 
of Hobbing-Machine, Preparatory to Finish-Grinding, a Single 
Hob Cutting One Shaft per Setting Being Used. The Production 
Obtained Is 40 per Hr., Which Is 270 Per Cent Greater Than That 
Previously Obtained with the Universal Type of Hobbing-Machine 


machine, special testing devices have been developed that 
record graphically the accuracy of the angular velocity 
between the hob and the work-arbors. With a testing- 
instrument, the machine can be perfected to ensure al- 
most absolute uniformity of the angular velocity between 
the hob and the work, and gears can be produced having 
correct tooth-contours and spacings. Special testing- 
machines have also been developed to ensure the use of 
only accurate hobs. Instruments have been made to test 
hobs for contour, lead and concentricity. 

Even with the assurance of an accurate machine and 
cutting-tool, the final results are still dependent on the 





Fic. 8—HoOBBING oF A CAMSHAFT SPIRAL GEAR 
This Gear Has 14 Teeth, 10 Pitch, Is Made of Steel Forging, and 
Is Cut with Single-Thread Hobs set off at an Angle and Using the 
In-Feeding Method. The Pump Spiral Gears That Mesh with These 
Camshaft Gears Are Cut in = Same Manner as Regular Helical 
years 
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operator and the manner in which the gears are mounted, 
It can be realized, therefore, that un'ess all factors are 
correct, good results cannot and will not be obtained. 

Fig. 3 illustrates the latest development in a hob gen- 
erating-type of machine designed especially for cutting 
helical timing-gears on a production basis. 


FLYWHEELS AND STARTER RING-GEARS 


Automobile flywheels and starter ring-gears are cut 
by almost all manufacturers by the hob generating- 
method, as advantage can be taken of using multiple- 
thread hobs. The vertical type of machine has proved 
very successful on this work, for the gear-blanks are 
supported in a horizontal plane and can be stacked. This 
is particularly true in cutting starter ring-gears, when 
several can be cut per setting by stacking them one above 
the other. 

There is nothing particularly noteworthy in connection 
with cutting flywheel teeth or a starter ring, except that 
it is necessary to use rigid work-holding fixtures to sup- 
port the gear-blanks substantially, otherwise, production 
feeds and speeds cannot be used with success. Owing to 
the high numbers of teeth that flywheels usually have, 
it is also important to use full-length hobs, as the gen- 
erating area is much larger than that of smaller gears, 
such as those used in transmissions. 

Fig. 4 shows a 110-tooth, 8 to 10 pitch, *%4-in. face, 
cast-iron solid flywheel that is being finished in one cut 
at the rate of 18 per hr. Double-thread hobs are used 
and two flywheels are cut per setting. 

Fig. 5 shows the cutting of starter ring-gears having 
104 teeth, 8 to 10 pitch, 17/32-in. face, made of S. A. E.- 
1045 steel. These rings are finished in one cutting, using 
double-thread hobs and cutting 25 rings per setting. The 
production rate is 19 per hr. 


STEERING-WORMS 


Steering-worms are cut by some companies with 
thread-milling machines and gear-shapers, while others 
use the hob generating-method, which is a comparatively 
new process offering many advantages. 

In using the hob generating-method, a special worm- 
generating hob has been developed, which allows the 
hobbing of single and multiple-thread worms. This spe- 
cial hob, with the continuous indexing of the hob 
generating-machine, is capable of producing extremely 
accurate worms as regards both the lead and the spacing 
of the threads. With this method the cost per worm is 
also less. 

The hob used is different from the conventional hob 
in that it has only two convolutions of teeth, in which 
only three teeth do the final finishing of the threads, the 
other teeth doing all the roughing. The small insert in 
Fig. 6 shows a worm-generating hob as developed by our 
company. This hob, it can be noted, is in the form of a 
broach coiled around a cylinder. 

Fig. 6 shows a close-up view of the hobbing of an auto- 
mobile steering-worm, having a double thread, 0.562-in. 
linear-pitch, 1 5/8-in. face, and made of steel forging. 
These worms are finished in one cut from the solid, three 
being cut per setting. The production rate is one in 
7 min., from floor to floor. 


STEERING-WORM WHEELS 


The cutting of automobile steering-worm wheels is 
best adaptable to the hob generating-method, being cut 
by the in-feeding method of feeding the work into the 
hob, or vice versa. 


Although the hob generating-method is probably uni- 
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Fig. 9—FouR-SPINDLE 


TURRET TYPE OF GBEAR-CUTTING MACHINE 

Usep TO RouGH OvT SIDE DIFFERENTIAL BEVEL-GEARS 
In This Case, the Bevel-Gears Have Projecting Hubs That Prevent 
the Cutting of the Teeth from the Apex. It Was Necessary, There- 
fore, To Construct a Special Inverted Turret by Which the Teeth 


Could Be Cut from the Large End 


versally used, the hobs vary widely, depending upon the 
individual experience of the different plants. Some com- 
panies use single-thread, others double-thread, while 
gome use even quadruple-thread hobs. 

In using single-thread hobs, the heb is made of a 
diameter larger than that of the worm and is swiveled or 
set off at an angle to suit the helix angle of the gear- 
teeth to be generated. This practice produces a spot or 
center bearing on the gear-teeth, and has worked out 
satisfactorily for steering apparatus. 
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Most automobile steering-worm wheels mesh with 
double-thread worms, in which cases quadruple-thread 
hobs are sometimes used. In cases of this character, the 
hobs are made of diameters such that the helix angle of 
the hob corresponds to that of the wheel, and the hob 
is set at right angles to the axis of the worm-wheel. 
With this method, the radius of the throat is enlarged 
and the bearing is almost full, or equivalent to that pro- 
duction, by using a hob similar to the worm that meshes 
with the wheel. 

It is the experience and opinion of many persons fa- 
miliar with the cutting of steering-worm wheels that 
the single-thread hob is the better, as the hobs are more 
accurate and less trouble is encountered in assembling 
them. 

The left half of Fig. 7 shows the hobbing of an auto- 
mobile steering-worm having 15 teeth, 0.544-in. circular- 
pitch, and made of S.A.E. 1020 steel. These worm- 
wheels are cut with single-thread hobs and are finished 
in one cut. The production rate is 16 per hr. 


SPLINE SHAFTS 


Since the development of hobs for cutting spline shafts 
of forms possible to hob with the hob generating-method, 
a serious problem has been solved in cutting rapidly and 
accurately the castellations on driving-shafts and uni- 
versal stub-shafts. The advantages of this method are 
being recognized more each day because of the extreme 
accuracy possible. Not only are the splines spaced more 
accurately, but the thickness can be maintained at the 
roots as well as at the tops. They are also held parallel 
within closer limits. 

The hob generating-method is used more extensively 
in the cutting of the castellations preparatory to heat- 
treating and finishing by grinding. This is due to the 
desire of many concerns to heat-treat the shafts to such 
hardness that they cannot be machined, and grinding of 
the sides must be resorted to. 


In cases in which shafts do not have to be above 45 





Fic. 10—C.Lossr-Up or SPECIAL TYPES OF HOBBING-MACHINB 
At the Left Is a Universal Hob Generating-Machine Cutting Fiber Speedometer-Gears Having 29 Teeth, 8 Pitch 


and %-In. Faces. 
tion Is 470 Gears per Hr. 


Twenty-Five of These Gears Are Cut per Setting, a Single-Thread Hob Being Used. The Produc- 


At the Right Is a Three-Sp'ndle Combination Spur-and-Bevel Disc-Cutting Machine, 
Which Is Used to Cut Eight Slots in an Automobile-Axle Wheel-Bearing Adjusting-Nut. 


at a Time, One on Each of the Work-Spindles. 


The Nuts Are Cut Three 
The Production Obtained Is 72 per Hr. 
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scleroscope-hardness, the hob generating-method has been 
used with much success in finishing the splines after they 
have been roughed out and heat-treated. 

The view at the right of Fig. 7 shows the hobbing of 
a universal stub-shaft having 10 teeth and 2-in. face, 
made of S.A.E. 1045 steel. These shafts are finished 
in one cut on a manufacturing type of hobbing-machine, 
preparatory to finish-grinding, a single hob cutting one 
shaft per setting being used. The production obtained 
is 40 per hr., which is 270 per cent greater than that pre- 
viously obtained with a universal type of hobbing- 
machine. In addition to the increased production, the 
hob cost was materially reduced. 

Another example of production is the cutting of a 
transmission driving-shaft having 6 teeth, 4'%-in. face, 
of 3%-per cent nickel-steel, which is cut ready for 
grinding at the rate of 35 per hr. 


CAMSHAFT AND SPIRAL PUMP-GEARS 


In a modern car the spiral driving-gear to the pump 
is integral with the camshaft and usually presents a 
problem in cutting, owing to the proximity of the gear to 
the intake and exhaust cams. 

Some camshafts are designed with sufficient clearance 
between the gear and the cams to allow the cutting of 
the gears in the same manner as a conventional spiral- 
gear, in which the feeding of the hob is parallel to the 
axis of the gears. 

In other cases, the cams are so close to the gear that 
the in-feeding method must be resorted to. With this 
method, single-thread hobs are used. These are swiveled 
or set off at an angle to suit the helix angle of the teeth, 
and the gear is cut similarly to a conventional worm- 
wheel. 

In using the in-feeding method, a center or spot bear- 
ing is produced, owing to the size of the hob used and 
the position in which it is set. As the mating gears re- 
volve at right angles, however, this has worked out 
satisfactorily. 

Fig. 8 shows the hobbing of a camshaft spiral-gear 
having 14 teeth, 10 pitch, and made of steel forging. 
These gears are cut with single-thread hobs set off at an 
angle and using the in-feeding method. The pump spiral- 
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gears that mesh with these camshaft gears aré cut in 
the same manner as regular helical gears. 


MISCELLANEOUS WoRK 


To those not familiar with some of the miscellaneous 
classes of gearwork, several additional examples will be 
given to show the adaptability of both special and uni- 
versal machines to other work. 

Fig. 9 illustrates a 4-spindle turret type of gear- 
cutting machine used to rough out side differential bevel- 
gears having 28 teeth, 4 pitch, of 10/20 carbon-steel, for 
tractors. 

The bevel-gears in this case have projecting hubs that 
prevent the cutting of the teeth from the apex. It was 
necessary, therefore, to construct a special inverted tur- 
ret by which the teeth could be cut from the large end. 

With this machine, the turret carriage that holds the 
work is arranged with 4 spindles, 2 in the cutting posi- 
tion and 2 in the loading position. In this way, the 
operator can load at one station of the turret while 
blanks are being cut at the other station. This practical- 
ly eliminates loading time. The only time consumed is 
that required to revolve the turret stations, which is 
about 30 sec. This particular type of machine can be 
arranged with a turret having 4, 6 or 8 spindles. 

The left view of Fig. 10 shows a close-up view of a 
universal hob generating-machine cutting fiber speed- 
ometer-gears having 29 teeth, 8 pitch and 3/8-in. faces. 
Twenty-five of these gears are cut per setting, a single- 
thread hob being used. The production is 470 gears per 
hr. As extreme accuracy is not required in this work, 
multiple-thread hobs can be used to advantage to give 
greater production. 

The view at the right of Fig. 10 shows a close-up view 
of a 3-spindle combination spur-and-bevel disc-cutting 
type of machine, which is used to cut 8 slots in an auto- 
mobile-axle wheel-bearing adjusting-nut. 

The full-automatic indexing of the blank and the re- 
turning of the cutter slide lend themselves exceptionally 
well to what ordinarily would be a milling-machine job. 
The bearing-adjusting nuts are cut three at a time, 
one on each of the work-spindles. The production ob- 
tained is 72 per hr. 
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Instrument for Measuring Surface Finish 


by Reflected Light 


By C. S. 


PropucTION MEETING PAPER 


ABSTRACT 


AN instrument that utilizes the principles of radio 

amplification for inspection purposes is described 
and the experience that led to its development is re- 
counted. It measures the finish polish on metal pieces 
by light from a microscopic lamp reflected from the 
surface upon a photoelectric cell, or amplifying bulb, 
that responds instantaneously to minute variations of 
light intensity and is connected in a suitable amplify- 
ing circuit to a milliammeter. The elements compris- 
ing the instrument are enumerated and the circuit dia- 
gram used is explained. 

As the instrument provides a method primarily of 
comparison, a standard value of the light reflected from 
a surface of the desired finish is established and the 
finish of parts to be compared is read from deflec- 
tions of the milliammeter needle above or below this 
standard. 

The purpose of the instrument is to supplant by an 
accurate mechanical means the uncertain judgment of 
an inspector who relies upon the physical sense of 
vision. The uncertainty of inspection by the physical 
senses presents the most difficult problem of the inspec- 
tion service and one that is present constantly. 

Many experiments with photomicrographs up to 100 
magnifications gave inconclusive results but revealed 
that a high degree of surface polish produces a nar- 
row, sharply defined band of light whereas a lesser 
degree of polish produces a wide, diffused band. This 
led by successive stages to the development of the new 
instrument, which has been very successful in appli- 
cation. The author and his associates are convinced 
that this type of instrument will become highly useful 
for many other purposes and can be used to advantage 
in other branches of industry than the automotive field. 


HE most uncertain problem that members of the 

inspection branch of the automotive industry have 

to contend with is that part of inspection which 
relies entirely upon the judgment of individuals regard- 
ing workmanship that cannot be measured by mechanical 
means but must be judged solely by one or more of the 
five physical senses. With this problem constantly be- 
fore us, we of the Packard Motor Car Co. are research- 
ing and experimenting continually for some mechanical 
means to perform as much as possible of this kind of 
inspection. The experience we have had with making 
use of the elementary principles of radio amplification to 
supplant the doubtful judgment of an individual in- 
Spector on surface finishes will be described, because 
when that element of uncertainty is removed and the 
inspection is made by suitable mechanical means, the 
product must be more accurate and uniform. 

We already have many mechanical means of inspec- 
tion, such as plug-gages, snap-gages and other instru- 
ments for measuring to the most minute dimension. 
Our micrometers and snap-gages measure to. within 
0.0005 in. with certainty. For greater accuracy we have 
amplifying gages that reduce this error to 0.0001 in. 


'Chief inspector, Packard Motor Car Co., Detroit 
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STARK! 


Illustrated with PHOTOGRAPHS AND DIAGRAM 





Fic. 1—PHOTOMICROGRAPHS OF POLISHED METAL SURFACES 
The Higher Degree of Surface Finish Produces a Narrow, Sharply 


Defined Band of Light, as Shown at the Left, Whereas a Wide, 
Diffused Band Is Produced by the Light Reflected from a Surface 
Finish of a Lesser Degree of Polish, as Shown at the Right 


We also have microscopic instruments that split a hair- 
line and measure accurately to within 0.00002 in. By 
means of the light ray accuracy can be maintained con- 
sistently to within almost 0.000001 in. This light-ray 
instrument does not require-a very skilled inspector to 
operate it so as to assure a positive degree of accuracy 
that is unobtainable by any other means. We also have 
means for revealing in ground surfaces cracks so slight 
that they cannot be seen even with a microscope. This is 
done by magnetizing the parts under inspection and im- 
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Fig. 2—CrirRcUIT DIAGRAM OF THE NEW INSTRUMENT 


Elements Used Include a Photoelectric Cell, an Amplifier Tube, a 
6-Volt A Battery To Light the Filament of the Tube, a Filament- 
Control Rheostat for Regulating the Potential on the Amplifier- 
Tube Filament, a 90-Volt B Battery, a C Storage-Battery, a Shunt, 
a Variable High-Resistance Unit, an Output Shunt for Use if the 
Output Is To Be Used To Operate a Relay or an Electrically Con- 
trolled Switchboard To Take Care of Currents of High Value, a 
Voltmeter, and a Milliammeter 
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mersing them in kerosene containing very fine iron-dust 
in suspension. The magnetic field surrounding the crack 
causes the iron particles to adhere to the metal in a 
peculiar shape on the hardened surface and the unaided 
eye can detect at once that portion which has a surface 
crack. 

With the desire to improve our methods of inspection, 
we began several years ago to search for some mechani- 
cal means of comparing surface finishes accurately. It 
occurred to us that possibly the use of photomicroscopic 
pictures would give us a lead. After conducting numer- 
ous experiments and taking many pictures of representa- 
tive samples of variations that the eye could detect, we 
failed to arrive at any conclusive or definite results, al- 
though we went from 10 to 100 magnifications without 
gaining much encouragement. However, the microscopic 
photographs did develop the interesting fact that the 
higher degree of surface finish produced a narrow, 
sharply defined band of bright light in the photograph, 
whereas surface finishes of a lesser degree of polish 
produced a wide diffused band. These two bands are 
shown in Fig. 1 for comparison. 


SURFACE POLISH MEASURED BY LIGHT REFLECTION 


This immediately set us thinking about reflection. It 
is known that the intensity of reflection is proportional 
to the degree of surface finish. This led us to believe 
that a solenium cell would be advantageous in indicating 
the light intensity, but we had no certain means of re- 
cording this intensity as accurately as desired. Then 
began a search for something other than the solenium 
cell and, in time, we found it was possible to purchase 
a photoelectric cell, which in appearance is merely a 
detector or amplifying bulb. This bulb is an alkali- 
metal photoelectric cell and responds practically instan- 
taneously to minute variations in light intensity. It 
was learned that these cells had been in practical use for 
some time in phototelegraphy and are used regularly in 
telegraphic picture-transmission. 

When one of these cells is connected in a suitable am- 
plifying circuit to a milliammeter, the ratio of the values 
read on the output milliammeter gives very accurately 
the degree of polish on the surface of the sample that is 
being tested when the sample is exposed to a source of 


light and the light is reflected against the cell. This be- 





Fig 3—CoMPLETE INSTRUMENT WITH MICROSCOPIC LAMP IN POSITION 
AND TrEst Prece ON MovABLB REST 
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Fic. 4—Top ViEw, SHOWING LAMP, LIGHT CELL, RESISTANCI 
CONTROL, VOLTMETER, AND MILLIAMMETER 


comes, therefore, primarily a method of comparison, and 
a standard must be adopted at which the value is to be 
established; then the finish on the parts to be compared 
is read mechanically from the deflection in the milli- 
ammeter either above or below the standard. 

Results obtained after having built one of these in- 
struments in accordance with the circuit diagram in Fig. 
2 were very encouraging. The instrument has been 
highly successful in practical application. The experi- 
ments have been continued during the last few months 
and we are convinced that this type of instrument, al- 
though still in its infancy, will become very useful and 
that the possibilities of its use for many other purposes 
are limited only to the extent to which experimentation 
is continued. 


ELEMENTS USED AND THEIR Hook-Up 


Referring to the diagrammatic hook-up of this outfit, 
Fig. 2, the amplifier is the usual 201-A type, to which 
class the Radiotron or Cunningham tubes belong. A 6- 
volt battery should be used with this tube to light the 
filament, and the positive side should be connected to the 
+A post and the negative side to the —A post. 

A filament-control rheostat is used for regulating the 
potential on the filament of the amplifier tube. The po- 
tential can be read on the voltmeter and should be ad- 
justed to 5 volts for most satisfactory operation. The 
negative pole on a 90-volt B-battery unit is connected to 
post —BD, the 6714-volt tap is connected to post +D, 
and the 90-volt tap to +B. To post —C is tapped a wire 
that may be tapped to the C storage-battery at the most 
advantageous position for the desired purpose, which 
probably will be from 12 to 18 volts. To begin work it 
will be best to tap —C to the end of the eighth cell, 
which is approximately 16 volts. This may be varied to 
suit the purpose, as described later. 

A shunt is provided which should remain open when 
working with light of high intensity and can be closed 
when working with light of low intensity. A variable 
high-resistance unit is introduced to enable the current 
to be varied constantly so that the reading on the milli- 
ammeter shall be approximately 4 milliammeters at the 
average light-intensity at which one is working. This, 
of course, is to be established with the master, and the 
voltage of the C battery can be controlled to arrive at 
this value. For ordinary operation the shunt on the out- 
put is kept closed. This shunt is provided merely for 
use in event it is desired to use the output to operate a 
relay or to still further amplify the output. It is possible 





(Concluded on p. 508) 
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The Present Status of Aviation, with a 


—_ 


By Hon. Hiram Bincuam' 





not tell you how much I appreciate the cordial 

welcome you have just given me. As I have sat 
here before you, I have felt very humble indeed, realiz- 
ing how extremely limited my knowledge is, as compared 
with men who are devoting their lives to the technical 
problems of aviation and on whose brains and skill and 
technical ability depends American aviation of the 
future. I have wondered whether there is really any- 
thing that I have any business to say. And then I began 
to let my mind wander. I looked at my book and dis- 
covered that two months from tonight there will be an 
election. I began to think of what is going to take place 
and I began to think of a political speech; and there 
may creep into my remarks, before I get through, a few 
remarks in praise of the Administration and the Con- 
gress. I will not say to which party they refer; I will 
try to avoid the subject of politics. In speaking of what 
Congress has done, I might as well admit now that the 
subject of aviation has never become a party issue. Its 
friends on both sides of the aisle have tried to do the 
best they can for aviation. 


D ISTINGUISHED Guests and Friends:—I can- 


KEEPING UP THE PUBLIC’S INTEREST 


Sometimes, in aviation, one wonders just how much 
the public knows, or how much it is really interested. 
Sometimes it keeps up its interest for weeks at a time, 
gets greatly excited, optimistically expects 22,000 air- 
planes to fly over the lines within a few weeks, visualiz- 
ing every factory in the Country turning out wonderful 
engines and planes that are going to fly at once. No- 
body had the slightest idea where the planes were going 
to land when they came down “over there,” or whether 
they had enough landing-fields in France. The idea was 
to fill the air with planes. When the public found that 
the 22,000 airplanes didn’t get across the lines, it be- 
came discouraged. The Air Service wasn’t any good. 
Aviation wasn’t any good. It hadn’t done what it prom- 
ised to do; and there was a period of pessimism and 
depression. 

And yet, in looking over the record of the Air Service 
and of American aviation during the war, one cannot 
help coming to the conclusion that notwithstanding all 
the mistakes, all the delays, and all the tragedies that 
occurred to young lives from disappointment, vexatious 
delay, failure to receive commissions, failure to get the 
engines and the planes as they expected, and many other 
things that formed that none too brilliant page of Ameri- 
can history, things were not nearly so bad as some of 
our demagogues would have us believe. Nevertheless, 
the delays and mistakes and disappointments, such as 
they were, were due, not to aeronautical engineers, not 
to the pilots, not to the men who worked day and night 
to try to bring a great new industry suddenly into being 
and manufacture in large quantities what had been made 
before but had never been manufactured before, not to 


— 


*United States Senator from Connecticut. 


Few Suggestions to Airfaring Folk 


AERONAUTIC BANQUET ADDRESS 


them but to the people of the United States who had 
declined to look ahead, who declined to believe in pre- 
paredness, who had declined to direct their representa- 
tives in Congress to spend money to develop aviation and 
to develop airplanes for the Army. As always happens, 
scapegoats had to be found; but we mustn’t let ourselves 
be misled by the particular scapegoat that happens to 
be the goat of the moment. 


AUTHORIZATION Is Not APPROPRIATION 


How about the future? It is true that Congress has 
adopted a fine yearly program for the future of aviation, 
but that program doesn’t appropriate money; it merely 
authorizes the Appropriation Committee to bring in 
from year to year the bills that will meet the program. 
lt authorizes anyone on the floor of the Senate or the 
House to move to amend an appropriation act by insert- 
ing into it the money necessary to carry out the program 
so that the rule can be overcome which says that appro- 
priations cannot be brought up on the floor unless rec- 
ommended by the budget or already authorized by a 
prevailing law. Many persons seem to think that the 
fact that Congress has passed two laws, one for the 
Army and one for the Navy, in which a five-year pro- 
gram is laid down, means that that program will be 
carried out. It took me some time to understand the 
difference between an act authorizing an appropriation 
and an act appropriating money. When you read that 
$100,000,000 has been authorized to be appropriated, 
you think you have an appropriation; but you are a long 
way from it. Remember that. Congress, acting on the 
recommendation of the Appropriation Committee, may 
or may not pay any attention to that authorization. 

Don’t forget that a bill authorizing an appropriation 
doesn’t appropriate a cent. Don’t forget that a program 
authorizing that certain things be done can only be put 
into effect when the money is actually appropriated. The 
Treasury of the United States cannot spend a cent on 
the authority of a bill authorizing an appropriation. It 
can only spend just as many dollars as the appropriation 
bill appropriates. There is quite a distinction: all the 
difference between having your bills paid and not having 
them paid. That is all. 

Furthermore, the people of the United States must 
not be led to suppose that because the Congress, for the 
first time in history, has laid down a five-year aviation 
program, and has authorized the building of so many 
hundred airplanes next year and so many the following 
year, until at the end of five years there shall be in the 
Navy 1000 useful planes (a useful plane being a plane 
that is safe to fly at a favorable speed in war, and not 
an experimental plane), and that at the end of five years 
there shall be in the Army 1500, more or less, planes of 
the same character—merely because, for the first time in 
history, we have an actual program, our people must not 
suppose that we have actually appropriated the money 
to carry out these programs. 
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APPROPRIATION IS ESSENTIAL 


What we must do is to see to it that the people of the 
United States believe in aviation enough to say to their 
representatives in Congress, “You needn’t save money on 
aviation. You must appropriate the money to carry out 
this program. We will stand back of you and are willing 
to be taxed so many millions of dollars to carry out this 
program.” That is a very essential thing. The people 
of this Country get interested in a matter, get to think- 
ing about it, like the people of any other country that 
the people govern; and then they get interested in some- 
thing else. We must not be discouraged about democ- 
racy for that reason; we must realize that it is one of 
the characteristics of the psychology of the crowd, of 
the psychology of peoples, that we have to deal with. 

As we go back into history, we think of George Wash- 
ington as being very popular, the Father of his Country. 
And yet, right here in Philadelphia, toward the end of 
the administration of George Washington, newspapers 
were published that said worse things about him as 
President, called him more names, and attributed more 
evil designs to him, than we would tolerate having said 
about anybody in the papers today. 

To come to our own day, there was a time when Ad- 
miral Dewey was the great hero of the Country, when 
people could not shout loud enough about him. Only a 
few months later his popularity vanished and he became 
temporarily very unpopular. 

And so it is with any cause. As a people, we become 
aroused, and then we become interested in something 
else. So, one of the things that I want you to do, you 
men who know more about aviation, what it really means 
and what it really needs, than any other body of men in 
the Country, is to see to it that the people in your com- 
munities are properly educated to its needs. See to it 
that the newspaper editors and reporters get a little 
more instruction in the A B C of aeronautics, so that, 
whenever an accident happens, it isn’t always a “tail- 
spin.” 

THE PUBLIC SHOULD BECOME AIRWISE 

The whole question of accidents is a very tragic and 
deeply interesting one. The public does not understand 
it. The public is told one day that aviation is safe, that 
travel in a great flying-machine is as safe as any other 
form of transportation—safer than many—and the next 
day some hero, dear to the public mind, meets his death; 
and the public is mystified and baffled. There is some- 
thing wrong somewhere, and the public does not know 
what it is, because the public is not airwise. It hasn’t 
been brought up on the flying-field, or in a drafting- 
room, or in a factory. It isn’t airwise. 

There was a time when this Country was waterwise, 
when our ancestors lived along the shore and were sea- 
faring men thoroughly conversant with winds and waves 
and storms and fog, and thought in terms of navigation. 
Unfortunately, we have got away from that very largely; 
through the use of steam and electricity and the de- 
velopment of internal-combustion engines, we no longer 
depend so much on winds and weather and on overcom- 
ing fog. We are accustomed to getting into a railroad 
train at one minute before twelve and, if the train 
doesn’t start at one minute after twelve, we wonder what 
is the matter; if it is two minutes late, nearly everyone 
on the train will remark that the train is two minutes 
late in starting. If it is due to arrive at thirty-seven 
minutes past four and actually pulls in at forty-one 
minutes past, we complain. 

We have become accustomed to thinking in terms of 
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land transportation. The automobile makes its run just 
the same on a foggy day like this. As I came across 
New Jersey, with a ceiling only 300 or 400 ft. above my 
head, thinking that the visibility was low and being 
unable to see more than one-eighth of a mile (absolutely 
unsafe weather for a sailing-master to start out on a 
ship or a pilot on a flying-machine), I saw the drivers 
of thousands of automobiles tearing along the highway, 
thinking of nothing except that it was not a pleasant 
day and that they couldn’t see the signboards very wel] 
and learn what to buy before they got to New York. 


THINKING IN TERMS OF AIR 


We haven’t learned to think in terms of air; and it is 
you, my friends, who must teach the public to be air- 
wise. You must get hold of reporters and editors and 
keep after them until they learn to be airwise. And you 
must get hold of friends of aviation and tell them to 
quit lying about aviation. You must get hold of some 
of the fellows who exaggerate and who lead the people 
to believe what you and I know is not true, because the 
American public, desiring to see America first in all 
things and not having any means of definitely learning 
the truth, is liable to be misled. It has been misled as 
it was in the days when there was talk about 22,000 
planes flying over the lines. The public visualized them. 
You remember how the newspapers talked about them. 
Then, because at the end of a year or so, there were 
only a few hundred planes flying over the lines, and very 
few had been built in this Country, they said American 
aeronautical engineers were no good, the Army Service 
was no good, nothing was any good; and the public went 
to the other extreme in pessimism. 

If you want to make the people airwise, we must keep 
our feet on the ground, tell the whole truth and not 
exaggerate. 

There are some problems that I should like to talk to 
you about in connection with your own work; but I feel 
myself hardly fitted to do more than just sketch the 
things that I hope to see come, that I hope some of you 
are working on. It is very easy, of course, for any 
thoughtful observer, seeing how aviation has not de- 
veloped as fast as he would like to see it develop, to put 
his fingers on certain facts that he knows are interfering 
with its development. For instance, in New England, 
we should like to see more planes in the air. But most 
of our folks, when they are in a hurry, generally want 
to get to New York, strangely enough perhaps, but they 
do want to get to New York. Most of us who are willing 
to fly and would be glad to get there a little faster, find 
that it takes a half-hour to get out to the flying-field 
and 15 minutes to get rigged up in the plane; there is 
three-quarters of an hour. Then it takes perhaps an 
hour to reach the metropolitan district—that is an hour 
and three-quarters—and then an hour and a quarter to 
get into town; and that is three hours. If we go by 
train, we can get to the Grand Central Station, and by 
subway to Wall Street, in less than 3 hr. The cost by 
airplane is greater, and the time we save is nil. So, 
what is the use of running any additional risk and in- 
curring additional cost? 





LANDING-FIELDS 


In other words. there is no place to land near Wall 
Street, or near the center of the financial district, oF 
near where anybody wants to go who goes to New York. 
If you go by train and subway, you get to your destina- 
tion in a few minutes. We must find some way of over- 
coming that difficulty. Is it by turning the Hackensack 
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Meadows into a great airport and enabling the people to 
come into New York through the tubes in 10 min.? Is it 
by devising some new kind of landing-gear that will 
enable us to land on the roofs of buildings, as the planes 
land on the decks of ships, and start out by catapulting 
ever the city streets; or are the air-currents so difficult 
that they make that project unsafe? Is it by develop- 
ing Governors Island as a port of call? Of course, there 
is not room there for many hangars; there is not room 
for many planes to land at one time or in the same 
period of time; that point could at best be only a port 
of call. The question arises then, How about the fogs? 
If you want to arrive early in the morning or late in 
the afternoon, is the fog in the way? 


In the old days, we, the people, were waterwise. We 
thought in terms of fogs and lee shore and landfall. 
The American people have forgotten about that. How 
many persons are there in America who know what you 
are talking about when you talk about a lee shore and 
the danger of sailing along a lee shore? Those of you 
who are yachtsmen understand it. Those of you whose 
fathers were in command of merchant vessels under- 
stand it. Those of you who are fond of going to sea 
understand that a captain who is dependent on the wind 
does not like to sail along a lee shore. If the wind fails 
or becomes too strong, or his power fails, he will be 
wrecked unless there is some safe harbor to get into. 
He keeps away from the lee shore. He goes out 25 
miles from shore. He never sails within a couple of 
miles of a lee shore, if he can help it, if he knows his 
business. 

But, in the air, you are always on a lee shore; you 
are never farther away than a couple of miles unless 
you are trying to make an altitude record. You are 
usually sailing along within a mile of a lee shore; if 
anything happens you must find a harbor or a break- 
water. When people begin to realize that, they begin 
to realize the necessity for emergency landing-fields— 
the fact that you must have a safe harbor every little 
way. 

An emergency landing-field is one of the things that 
the Government, in my opinion, must provide, just as 
the Government provides breakwaters and deepens har- 
bors. The Government does not provide municipal sea- 
ports; the Government does not build docks for the City 
of New York. The City of New York builds its own 
docks. The City of Philadelphia builds its own docks. 
And the cities must learn the advantage of building their 
own airports. It will take some cities a long time before 
they learn the necessity of them. It will require bitter 
experience before some cities can be waked up to spend- 
ing a few dollars on airports. But when you see what 
some cities have done in building airports, you realize 
that, after all, it is not an impossibility that we look 
forward to. 


DEVELOPMENT OF AIRPORTS 


Last year I happened to be in Houston, Tex., trying 
to tell them something about aviation, and they showed 
me the Houston seaport. I had always thought of 
Houston as an interior city. On my maps, it was 40 
miles inland, so I asked a few questions. They said, 


“Five years ago we were connected with the ocean by a 
little creek 8 ft. deep and we never saw any ships at 
all. . But we got some people interested, spent a few 
million dollars deepening the creek and widening it, got 
the Government to help us deepen it, and now we are a 
Seaport. That is all.” 


November, 1926 


PRESENT STATUS OF AVIATION 485 


“But how many lines of steamers ever come to Hous- 
ton?” 

“Oh, we have 42 lines of steamers calling here regu- 
larly; some years ago there was not a steamer that came 
within 40 miles of us.” 

That shows what can happen to any American city, 
when the people become interested. 

On this question of landfall, if we were only able to 
think in terms of one hundred years ago, we would real- 
ize that, as the mariner approached the land, he was 
very anxious to know what his landfall would be. Would 
it be something familiar? Would it come suddenly out 
of a fog? Would it be a dangerous rocky coast? It 
meant a great deal to him. A man familiar with all the 
possible landfalls on the southern coast of England was 
a very valuable mariner and a very valuable captain. 
Today, with the aid of radio and steam, we do not think 
so much about it. But we must think about it in avia- 
tion. When you come through the clouds, you must 
know what the landfall is; otherwise, you may be 
wrecked. 

We must teach the people what can be done and what 
cannot be done in aviation; and we must teach them the 
truth. They are all able to believe, if they are not de- 
ceived. Some of them are ready to believe things that 
are not so. Some of them have been told by over-enthu- 
siastic aviators certain things that are not so; and that 
has done aviation a great deal of harm. We must get 
right down to rock bottom, and educate the people by 
telling the unvarnished truth about aviation. 


NEW AVIATION ACTS 


The laws that were passed at the last session of Con- 
gress will help. I do not believe in making many addi- 
tional laws. But when you get a new subject, when you 
get a new way of travel, when you step into a third 
dimension, as it were, you must have a few new laws. It 
took Congress a long time to decide that it would do for 
air navigation what it had done for nearly 100 years for 
ocean navigation. I hold in my hand three new laws, 
which Congress has passed, dealing with aviation. Here 
is act No. 164 of the Sixty-Ninth Congress which, for the 
first time, puts air navigation on an official footing. Il 
do not know how many of you have read it. Certain 
things in it are not very clearly understood. The penalty 
clauses have frightened some of the aviators a little, 
but, as a matter of fact, they are very few and do not 
interfere with States’ Rights. Congress was very par- 
ticular to limit the act to inter-State and foreign com- 
merce. Congress was very particular net to interfere 
with private initiative. Unless the State forbids him, 
so far as the National Government is concerned, any 
aviator who designs a new airplane is at liberty to take 
it up, provided that he keeps it away from an airway. 
There is no interference with individual initiative. 
There is interference only with inter-State commerce; 
and that is a wise interference, I believe, for this reason: 


INSURANCE 


Commerce depends on insurance more than it ever has 
depended in the history of the world. The number of 
things for which we can get insurance and the number of 
things that we are not willing to do without insurance 
are constantly increasing. It seems to be the rock bot- 
tom of commerce today, to keep men from failure. They 
insure against this, that, and the other thing. In in- 
suring goods that go by train, there is not much difference 
whether you are going to New York, or Omaha, or New 
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Orleans, or any other city; the rate is about the same. 
Insurance on an automobile is the same, no matter 
whether you are traveling across one State or across an- 
other. Of course, burglary rates are lower in Connecti- 
cut than elsewhere; we must admit that. But, as a 
matter of fact, we have been accustomed to land rates for 
quite a while and very few Americans think in terms of 
marine insurance; yet aviation insurance must be writ- 
ten in terms of marine insurance. 

Marine insurance depends on the nature of the ship, 
whether it has passed all the tests, where it is going. 
If the ship is going over well-lighted and well-harbored 
routes, say from Baltimore to Boston, the risk and the 
rate are very low. But if the same ship, the same cap- 
tain, the same cargo, is going from Baltimore to some 
uncharted island in the South Seas, the rate is pro- 
hibitive. Why? Because the route is not well charted, 
there are no lighthouses, no buoys; the currents are un- 
certain; navigation is dangerous. If you take a ship 
through the South Seas, trading from island to island, 
you practically have to insure it yourself, because the 
rates are so high. 


INSURANCE RATE AN INDEX OF SAFETY 


It is similar with aviation. Our insurance companies, 
shortly after the war and after the burst of enthusiasm, 
began to insure every aviator, no matter where he went. 
It was not long before they canceled those policies; they 
do not issue them any more. When an insurance com- 
pany realizes that there is very little risk in insuring a 
cargo or a passenger sent by a plane piloted by an ex- 
perienced aviator, over an airway properly provided with 
emergency landing-fields and having good airports at 
each end, properly charted and properly lighted, and with 
full weather advice and no unnecessary risks to be taken, 
the insurance rate will go down so low that people will 
begin to use commercial aviation; but, so long as the 
risk is too high, you cannot get insurance, and air com- 
merce will not grow. Now that we have begun a Gov- 
ernment policy that enables people to take safe air 
journeys, insurance risks can be arranged to develop air 
transport as we want to see it developed. 

I should like to discuss other features of the aviation 
program, but there are three young men to follow me 
whom we all wish to hear, whose duties are defined in 
these three acts. I shall take a good deal of interest in 
watching them operate under these acts on which we 
worked so hard in Congress. We know that the acts are 
full of imperfections. No laws yet, except the Ten Com- 
mandments, have lasted very long, and they seem to be 
broken fairly often. These acts will have to be changed 
from time to time as our knowledge grows. 


ASSISTANT SECRETARIES OF AVIATION 


In each act we created a new Assistant Secretary, be- 
cause we believe that aviation is properly a handmaid 
of commerce, one of the greatest possible aids to the 
Army, and one of the greatest possible aids to the Navy. 
Some of my enthusiastic friends believe today, as I be- 
lieved myself just after I came back from France, when 
I first began to think about it, that aviation is a thing 
so much apart by itself that it ought to be a separate 
department. The more I thought about it in terms of 
the creatures that for many years have used the air as 
we have not, the more I began to realize that the air is 
not like the water and the land. It is so easy to say that 
we have an army for land, a navy for the water, and 
that we must have an air-fleet for the air; that they all 
must be separate. But we have only to look at what 


nature has done to realize that, after untold eons of de- 
velopment, the land animals have succeeded in living al} 
the time on the land, sleeping and eating and passing 
their entire lives on the land; the sea animals have gue. 
ceeded in spending all their lives in the sea; but we do 
not find that the birds have ever succeeded in spending 
all their lives in the air. In fact, they use the air only 
for transportation, fighting, sport and pleasure. The 
birds use the air to get their food and to carry on their 
battles, but they rest on the land or on the water, and 
they spend a large part of their lives and all their resting 
time on the land or the water, where their nests are, and 
so on. If, after several million years (I am not a spe- 
cialist in evolution), or after several thousand years (as 
the Fundamentalists prefer), the birds have not learned 
to nest in the air or to have their bases in the air, I do 
not believe that man, who has been flying not quite 25 
years, since the Wright Brothers invented the airplane, 
will ever learn to have bases in the air, although some 
men stay up in the air a great deal of the time. For 
that and many other reasons, I came to the conclusion 
that I was mistaken about an independent air-service 
and that, after all, we must not take aviation away from 
the General Staff of the Army. That would suffocate 
the General Staff. What they need is to be “airified.” 
AIRIFYING THE GENERAL STAFF 

So we put one young man in to “airify” the General 
Staff; we put in another young man to airify the Navy, 
to try to get the sea-dogs to think in terms of airways 
as well as waterways; and we put an Army aviator in the 
Department of Commerce, because he had spent so many 
years in studying aeronautical law and in learning 
aeronautical lore that he could be trusted to develop the 
commercial side. Three heads are better than one; and 
I am proud of these three young men. There was no 
politics in their appointment. They were appointed be- 
cause they “knew the game.” One ot them nearly lost 
his life in learning the game; another has devoted all 
his active life since leaving school to aeronautics; the 
third one had gone into the game in wartime and had 
learned to be so good a pilot that he became a teacher of 
pilots, and since then has devoted a large part of his 
time to studying aeronautical laws. 

In the last one of these acts, we put these three young 
men together on a Board of Patents and Design, and put 
into their hands the business of seeing to it that the 
United States shall be first in the air. We have given them 
the job of deciding what patents are worth buying; of 
saying how much those patents are worth. Our only limit 
is that they cannot pay more than $75,000 for any design 
without coming to Congress; a liberal limit, I believe. 


THE FUTURE 


And so, I am looking forward to hearing from them 
and watching them as they go about their work, as they 
carve out new trails in these new fields, feeling confident 
that their sympathies and hearts are in the right place, 
that their training has been right, and that they will 
succeed. But they cannot succeed without the help of all 
of us. They cannot succeed without public support. If 
the public is not willing to direct its representatives in 
Congress to make the requisite appropriations, we can- 
not carry out the program on which we have set out and 
we cannot make progress. If the pacifists are to have 
their way and no young men are to be taught to become 
naval aviators, we shall not have the reserve that is 
necessary for preparedness, that is necessary in case of 
a National emergency. If the public will not support 
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commercial aviation, if it does not insure the risks that 
persons run who go into commercial aviation; if it says 
it is too expensive, we shall not make the progress that 
we, as Americans, have a right to expect. If the public 
will not pay the bill, if it will not put gasoline into the 
engine, the engine will not run. Aviation may be ex- 
pensive, but it is indispensible. Aviation may be ex- 
pensive, but the expense is worthwhile. If we can get 
America to become airwise, if you friends here and the 
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great Society that you represent will take it upon your- 
selves to educate the American public in being airwise 
in following the truth, in knowing what we can do and 
what he cannot do, and what we have a right to expect, 
in getting it to the point where it is willing to pay for 
the expense of putting America first in the air, we shall 
have something to look forward to that is worthwhile, 
and something that will give each of us all the work we 
want for the rest of our lives. 


STANDARDIZATION AS A COST REDUCER 


TNNHE keynote of a plant standardization campaign should 

be the elimination of useless sizes and varieties. The 
natural result will be that greater quantities of the sizes 
and varieties that remain will be needed and they can there- 
fore be purchased in larger quantities. The price per piece 
will automatically reduce itself. 

Odd sizes and varieties are almost invariably born of some 
emergency. Before you know it they become accepted and 
the next man who specifies their use does so because he be- 
lieves that it is essential, that a real reason for so doing 
exists. Go into any factory you please and you will find 
case after case of this kind. And in 99 cases out of 100 you 
will find that if there was a reason at one time it has long 
since ceased to be. Therefore, a study of the reasons for 
doing things is prolific in results. Experience shows that 
it is almost invariably possible to reduce the number of sizes 
or varieties of a given type of unit 50 per cent. 

After a general analysis of the standards situation the 
best point of attack is usually evident. The next step is to 
make a detailed analysis of the item chosen for standardiza- 
tion, remembering always that if there is any doubt of the 
value of retaining any particular size it should be considered 
a special. 

Here are two instances of real savings made possible by 
analysis for standardization. The suggestion was made that 
stove bolts be substituted for machine screws. No trouble 
was encountered until the %4-in. size was reached in which 
size the number of threads on a machine screw is 20 per 
inch as against 18 on the stove bolt. Nobody knew why the 
stove bolt had to have 18 instead of 20 threads. The makers 
said it was demanded by the stove builders. A letter to the 
stove builders brought out the information that 20 threads 
would be just as usable as 18. 

Then the objection was raised that the single-blow header 
used by most stove-bolt manufacturers would not give the 
same size head as the double-blow header used in making 
machine screws. Experiments showed that it was possible to 
get as large a head with the single-blow machine as was 
used for the average machine-screw. So the standard head 
was determined upon as the largest one tasily possible from 
the single-blow machine. Any manufacturer who wanted to 
use a double-blow machine was at perfect liberty to do so. 
All that was necessary was that his product conform to the 
standard. 


Then came the test of the new standard. One company 
placed a large order for stove bolts to the new requirements. 
It was filled, and at the same price as the previous order. 
Then another company fell in line and placed a similar order. 
The upshot was that within a very short time the price was 
reduced 15 per cent. Also, the bolts from different makers, 
formerly not interchangeable, were brought to practical 
uniformity. 

Another definite figure on savings possible is had from 
the change of the head on a U.S.S. cap-screw to the same 
size as the head on the S.A.E. cap-screw. In one plant 
this change will save $4,000 a year on one major-assembly 
alone. In addition there is an appreciable reduction in 
the number of wrenches needed. 

It is one thing to establish a standard and quite another 
to get it adopted, as the engineering societies have learned 
from sad experience. There is a tremendous amount of just 
plain inertia to be overcome; and on top of that the natural 
dislike of many active executives for anything that savors 
of distraction from staff activities. Consequently it is up 
to the standardizer to move with great circumspection. The 
principal function of the men connected with a standards 
department is to act as a coordinating force. In functioning 
as such they should be especially careful not to initiate any- 
thing in the way of detailed fact but should endeavor to 
draw the information required in connection with their work 
from the production executives. 

One way to get results is to go to the production man with 
an example of the savings made by some parallel piece of 
standards work. Tell him what is needed to solve the im- 
mediate problem in hand and the chances are that he will 
start to get the answer you want in the hope that his depart- 
ment will profit by similar savings, as it most certainly will 
if the project is carried through. It is essential to ensure 
that the production men get credit for any standardization 
work that their efforts may have helped along. 

Standardization within a company or a combination of 
companies requires a great amount of detail work and 
patience, and extreme consideration for the men and things 
affected. But the ends attained are justified in the satisfac- 
tion that comes from a job well done and in very substantial 
financial savings as well.—B. M. Smarr, director, standards 
section, general purchasing committee, General Motors Cor- 
poration, Detroit, in American Machinist. 


INTERNATIONAL CONFERENCE ON BITUMINOUS COAL 


EW developments in the utilization of bituminous coal 

and the results of recent investigations that are con- 
cerned with improved methods of the utilization and combus- 
tion of coal will be discussed at a conference to be held under 
the auspices of the Carnegie Institute of Technology at Pitts- 
burgh, Nov. 15 to 19. The program will include the discus- 
sion of the manufacture of gasoline substitutes from coal, 
the complete gasification of coal, high and low temperature 


distillation, coal-tar products, power, smokeless fuel, fertil- 
izers, and kindred topics. 

A number of distinguished European scientists will take 
part as well as some of the best known American fuel tech- 
nologists and engineers. Special attention will be devoted to 
the discussion of recently developed processes that are in 


actual operation either in this Country or in various parts 
of the world. 
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HARRY H. BASSETT 





N Associated Press dispatch from Paris reported the 

death there on Oct. 17 of Harry H. Bassett, president 
and general manager of the Buick Motor Co., of Flint, Mich., 
and a vice-president and director of the General Motors 
Corporation. The report stated that he had been ill only 
a few days with bronchial pneumonia in both lungs and 
died in the American Hospital at Neuilly. 

Mr. Bassett had been a member of the Society since July, 
1910, at which time he was factory manager for the 
Weston-Mott Co. He was born at Unadilla Forks, N. Y., in 
1874 and attended the Ilion Academic School. For 14% 
years he was employed by the [lion Arms Co., of Ilion, N. Y., 
and won successive promotions until he became assistant to 
the manager. He left that company to become assistant 
factory manager and later factory manager of the Weston- 
Mott Co., of Utica, N. Y., and when that company built a 
new plant in Flint, Mich., he was made assistant superin- 
tendent in 1907. In 1913 Mr. Bassett was appointed general 
manager and later promoted to the vice-presidency. After 
consolidation of the Weston-Mott Co. with the Buick Motor 


Co. he was made assistant general manager of the Buick 
Company and in less than 30 months was promoted to the 
position of general manager. In May, 1919, Mr. Bassett 
was elected a vice-president and director of the Genera] 
Motors Corporation. He became president of the Buick 
Company in January, 1920, and in 1924 was elected a 
member of the executive committee of the General Motors 
Corporation. 

Besides holding these positions at the time of his death, 
Mr. Bassett was a director in the Genesee County Savings 
Bank and the Workmen’s Mutual Bank, both of Flint. He 
was a member of the Detroit Athletic Club. 

At the time he was taken ill he was in Paris with Alfred 
P. Sloan, Jr., president of the General Motors Corporation, 
and Donaldson Brown and Lawrence Fisher, vice-presidents 
of the organization, on a tour of Europe to visit the Paris 
and London automobile shows and several industrial cities 
on the Continent. 

The body was to be brought back to the Bassett home in 
Flint, where plans were made for memorial services. 





LAURITZ F. NIELSEN 





AURITZ F. NIELSEN, owner and manager of the Equit- 
able Engineering Co., of Minneapolis, died on Sept. 5, 
1926. The deceased had held Member grade in the Society 
since February, 1918, at which time he was engaged in 
designing tractors for private individuals. He was a native 
of Denmark, having been born in Copenhagen in 1875, and 
received mechanical engineering training in the Copen- 
hagen Technical Institute, but emigrated to this Country 
and took out citizenship papers. 
Successive positions held by Mr. Nielsen in the United 
States up to 1918 were as follows: Superintendent for the 
Universal Motor Co., Denver; superintendent and designer 


of tractors for the John A. Taylor Co., Denver; tool de- 
signer for the American Brake Co., St. Louis; tool designer 
for the Western Electric Co., Chicago; designer of gasoline 
engines and production engineer for the Charles A. Stick- 
ney Co., St. Paul; general superintendent for the Osterlind 
Printing Co., St. Paul; mechanical engineer for the Inter- 
national Harvester Co., Chicago, and chief engineer and 
general superintendent for the Ford Tractor Co., Minne- 
apolis. 

Since 1918 he has held responsible positions with a number 
of engineering firms in the vicinity of Minneapolis and more 
recently was connected with the Equitable Engineering Co. 


AIRWAY MAINTENANCE 


A IR transportation demands many things. Airways must 

4% be mapped and equipped with emergency landing-fields 
and navigational aids. Since weather conditions play a most 
important part in flying, the pilot must have accurate 
meteorological data supplied by radio. For night-flying the 
airways must be illuminated and the airports must have 
sufficient lighting apparatus to permit safe landings. Con- 
sequently, scheduled air-fiying is dependent on installation 
of this equipment by the Government, which is the only 
agency with sufficient capital to bear the burden of such 
development. 

Congress accordingly approved the Air Commerce Act in 
May, authorizing the Secretary of Commerce to encourage 
and control commercial flying, provide navigational facilities, 
formulate regulations which will make for safety in flying, 
and investigate and make public the causes of accidents in 
commercial air navigation in the United States. The Secre- 
tary will issue regulations relative to the registration of 
planes and to their airworthiness, will examine and classify 
airmen and will establish rules for navigation, protection and 
identification of aircraft. 

This same governmental agency will designate and estab- 
lish commercial airways, and establish and maintain along 


these airways such navigational facilities as are necessary, 
with the exception of airports, which, with terminal landing- 
fields, the municipalities are to be encouraged to maintain. 

Under the direction of William P. MacCracken, Jr., the 
Assistant Secretary for aviation, the Commerce Department 
already has authorized purchase of 90 revolving lights, which 
will be erected on seven airways. These lights will have 
a visibility of 50 miles during favorable weather, and under 
ordinary conditions a pilot will be able to see three or four 
of the lights when in flight. 

The lights will be placed at intervals of 10 miles along 
the whole length of the New York-Boston route and along 
the St. Louis-Chicago route, and such portions of other routes 
as are flown after dark during the winter months in per- 
forming the present air-mail schedules. Steps will also 
be taken to provide lighting for the boundaries of all emer- 
gency landing-fields, which are located about every 30 miles 
along established airways. All the routes selected for beacon 
lights are at present being flown by companies with mail 
contracts. Some of these companies, among them the West- 
ern Air Express, the Florida Airways and the Philadelphia 
Rapid Transit line, already are carrying freight and pas- 
sengers in addition to the mails—Guggenheim Fund Bulletin. 
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Motorized 'Two-Car Railroad Passenger- 
‘Train 


By A. W. Scarratt! 
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Illustrated with PHoroGRAPHS AND DRAWINGS 





ABSTRACT 

ETAILED description is given of a power-car and 

companion trailer-car designed by the engineer- 
ing department and built jointly by the mechanical and 
structural divisions of the company with which the 
author is connected. The undertaking was authorized 
by the management in the latter part of 1924. The aim 
of the author, who is in charge of the engineering 
department, was to create a type of car that would 
satisfy to the fullest extent the desires of the traveling 
public for comfort and convenience and of the operat- 
ing companies for an attractive, reliable, light but sub- 
stantial and easy-riding train that would be economical 
to operate and easy to maintain with the facilities and 
employes available by steam-railroads. 

Design and location of many of the units are new 
and unique, and the car bodies are of substantial con- 
struction and fully equipped. Although conforming 
nearly with standard interurban electric railway-car 
practice in size and appearance, the power-car weighs 
only 65,000 lb. and the trailer-car 54,000 lb. The for- 
mer has seating capacity for 36 passengers behind the 
engine-room and the baggage compartment, and the 
trailer-car seats 58 passengers. A fully-equipped lava- 
tory and a heater compartment are provided in the 
power-car. 

Power is supplied by a specially designed 175-hp. 
gasoline-engine and delivered through a special trans- 
mission and driving units to the eight wheels of the 
power-car. The transmission provides for  speed- 
changes in both forward and reverse driving directions, 
and the gear ratios available for the driving-units 
afford a speed of 50 m.p.h. for operation of the power- 
car as a single unit and of 44 m.p.h. when operated in 
conjunction with the trailer-car. Three methods of 
engine starting are provided: by electric starter, by 
hand-cranking, and by compressed air admitted to the 
engine cylinders. Ignition current by either storage- 
battery or magneto is available, and each cylinder is 
fitted with two spark-plugs. 

Trucks of radical design have roller-bearings in the 
axle journal-bearings, and novel provision is made to 
render impossible the cramping of the roller-bearings 
in the journal-boxes. Automotive-type brakes are built 
on the axles, and all driving-torque and brake reactions 
are taken up in the axles and are not transmitted to 
the spring-suspended members of the trucks. An air- 
compressor in the engine-room supplies power for oper- 
ating the brakes, starting the engine when required, 
ringing the bell and blowing the whistle. 

The engine cooling-system is novel in design and 
arrangement, and an auxiliary water-heater in the 
engine-room maintains a non-freezing temperature 
throughout the system by thermosiphonal circulation 
during stand-by periods in cold weather. 

The train is electrically lighted with current gener- 
ated by a 32-volt 1-kw. train-lighting generator, which 
charges large storage-batteries. 

All controls are grouped for the convenience and 
comfort of the operator, who sits in a motorcoach- 
driver’s seat and has unobstructed vision. 





The power-car is vestibuled at the rear end and the 
trailer-car at both ends. Couplers and brake hose-con- 
nections of standard railroad type and location permit 
connection of the cars with existing steam-railroad 
rolling-stock. The train travels smoothly and stops 
with steady but rapid deceleration and without noise 
or jolting. 


HE development and construction of a motorized 
two-car railroad passenger-train by the company 
organization with which I am connected was au- 
thorized by the management in the latter half of 1924. 
The task of creating and perfecting the design was 
assigned to the mechanical engineering department un- 
der my direction and the problems of construction were 
assigned jointly to the mechanical and structural divi- 
sions. 
My aim was to create a type of car that would satisfy 
to the fullest extent the desires of 
(1) The traveling public for (a) comfort, (6) con- 
venience and (c) pleasure 
(2) The operating companies for (a) a high-grade, 
(b) attractive, (c) reliable, (d) light-weight, but 
(e) substantial and (f) easy-riding train that 
should be (g) economical to operate and (h) easy 
to maintain in good running-order with the facil- 
ities and employes available by steam-railroads 
The type decided upon, after consideration of the 
systems of power generation and transmission applicable 
to equipment of this kind, was a mechanically driven car 
propelled by an internal-combustion engine; and a design 
differing in many ways from any railroad motor-car 
theretofore produced was conceived and built. Other de- 
signs have not been copied or followed in any way and 
comparison with other existing types will not be made 
herein except as may be necessary to set forth clearly the 
reasons for the design evolved. 


POWER-CAR SIZE, WEIGHT AND CONSTRUCTION 


An idea of the size, appearance and internal arrange- 
ment of the power-car of the train is afforded by Fig. 1. 
This car has been arranged for the accommodation of 
passengers and baggage in addition to the powerplant 
and operator. Adjacent to the engine-room at the for- 
ward end is the baggage-room, which is 10 ft. 2 in. in 
length. The rest of the car is occupied by the passenger 
compartment, which provides for the seating of 36 pas- 
sengers and contains a lavatory and a heater compart- 
ment. At the extreme rear is a fully enclosed vestibule. 

Both cars of the train, shown in Fig. 2, conform 
nearly in size with modern interurban electric-car prac- 
tice. Width over the side-plating is 9 ft. and the extreme 
over-all width is 9 ft. 2 in. The interior width between 
wainscoting panels is 8 ft. 5 in. Height from the rails 
to the top of the roof is approximately 12 ft. 7 in. and 
the extreme height is 14 ft. 6 in. The coupled length of 
the power-car is practically 53 ft. Couplers of standard 


Master Car Builders contour are located at the standard 
height for connection with all other types of steam-rail- 
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road equipment when occasion demands. A rigid pocket- 
type coupler is used at the forward end of this car but 
at the rear end the coupler shank is connected to a light- 
weight spring draft-gear. 

Weight of the power-car, without load, is 65,000 lb. 
This is about midway between the weight of other light- 
weight mechanically driven cars of similar power and 
size and the weight of a popular make of gasoline-electric 
car of similar size and power. The weight is remarkably 
light for the strength and equipment that have been built 
into the car, which is almost entirely of steel construc- 
tion, with a deep center girder to offer maximum resist- 
ance to buffing stresses. This draft-sill is 20 in. deep 
throughout the mid-section and 10 in. deep from the 
bolsters to the outer ends of the car. It is of plate- 
girder construction with liberal flange-angles, and serves 
as the backbone of the car body. 

Pressed-steel diaphragms, in conjunction with pressed- 
steel bolsters, act as the main supporting members of the 
walls and roof. These are substantially framed to the 
bottom angles of the side walls, to which are also secured 
the upright post-members. The latter consist of angles 
which, upon joining the top angle-plate, also are secured 
in an effective way to the steel carlines, which are 
brought down below the angle-plate of the walls and se- 
curely riveted to the post angles. This construction re- 
sults in unusual strength at the junction of the roof with 
the walls, a place which usually is lacking in strength. 
The main posts are of steel with wood fillers, while the 
arched roof is supported by angle-steel carlines to which 
wood carlines are secured for the attachment of the 
ceiling panels and the whitewood roof-boarding. All 
door-posts and corner posts, the water-table molding and 
the letter-board panel are of pressed-steel sections. 

The floor of the car consists of a first floor of 13/16 x 
5 1/4-in. dressed and matched fir, laid crosswise, and a 
finished floor of 13/16 x 2 1/4-in. selected, dressed and 
matched maple laid lengthwise, with a heavy layer of 
car-floor insulation between them. This flooring is laid 
on longitudinal wood stringers supported from the cross- 
members of the steel bottom-frame of the car. 

All wood used in the framing, such as post fillers and 
carlines, is of selected second-growth white ash, and the 
baggage compartment and vestibule doors and window 
sash are of the same wood. All interior doors, moldings 








Fic. 2—Two-Car TRAIN CONSISTING OF POWER-CAR AND COMPANION 
TRAILER-CAR 
Both Cars Have Vestibules and Have Couplers of Standard Contour 


and Location for Connection with Steam-Railroad Equipment. The 
Trailer-Car Weighs 54,000 Lb. and Seats 58 Passengers. It Is 
Identical in Design, Construction and Equipment with the Passenger 
Section of the Power-Car 
and other wood trim are of selected mahogany. 
heads or partitions are of steel construction. 
Extreme care has been taken to provide effective insu- 
lation. Three-ply hair felt is used throughout except 
back of the letter-board panel and the underside of the 
roof boarding, in which places two-ply insulation is used. 
This material is put in place securely and has proved very 
effective. Care has also been exercised in the weather- 
stripping of the doors and windows. 


All bulk- 


COMPLETENESS AND COLOR HARMONY OF EQUIPMENT 


Attention is invited to the completeness of the equip- 
ment. <A special 175-hp. engine and a special clutch, 
transmission, drive-shafts and trucks were designed to 
meet the requirements. The engine cooling-system is 
of unique arrangement, and such equipment as air- 
operated bell, headlight, two-unit heating-system, air- 
brakes, ventilators and train-lighting equipment was all 
given especial consideration. 

The car seats, upholstered in railroad-grade leather- 
cloth, are unusually comfortable. The upholstery is of a 
dark-green shade to blend with the general color-scheme 
of interior decoration of the cars, which are finished in- 
side and out in lacquer. A color combination of thrée 
shades of olive green gives a cheerful, restful and pleas- 
ing appearance. 

The lighting system of the two cars includes electric- 
generating and voltage-regulating equipment, storage- 
batteries and special electric lighting-fixtures of statuary- 
bronze finish. All of the other interior hardware is of 


solid brass with statuary-bronze finish. Window curtains 
are of imitation leather with a green-silk interior finish 
to blend with the color scheme. 
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Fic. 1—Power-Car IN PLAN AND IN SIDE AND END 


This Conforms Nearly with the Dimensions of 
53 Ft., Width of 9 Ft. 


‘ 
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Interurban Electric-Railway-Car Practice, as It Has 
é V 2 In. and Height of 14 Ft. 6 In. Weight of the Car, Light, Is 65,000 Lb. 
into an Engine-Room, Jaggage Compartment and a Section To Seat 


Are Located in the Passenger Section 
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ELEVATIONS 


an Over-All Length of 
The Interior Is Divided 


36 Passengers. A Lavatory and a Heater Compartment 
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Effective ventilation of the cars is provided by an 
adequate number of honeycomb-type ventilators. Over 
the roof of 1/2 x 1 1/2-in. dressed and matched clear 
whitewood is laid prepared canvas car-roofing. 

Steel trap-doors and fittings are used in the vestibules, 
and safety-treads are used on the vestibule steps. The 
latter always remain clean because of their open lattice- 
work construction. Rubber floor-covering of the conven- 
tional round-knob type is laid in the vestibule, and the 
aisle runners are of 24-in. corrugated rubber. 


UNITS LOCATED WITH PARTICULAR CARE 


Careful attention has been given to the placing of all 
units. The engine, shown in Fig. 3, is located on the 
longitudinal center of the forward end of the body. To 
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Fic. 3—ENGINE COMPARTMENT, 


LOOKING FoRWARD 
The 175-Hp. Gasoline-Burning 


Engine Has Six Cylinders Cast in 
Pairs and Is Located on the Longitudinal Center Line of the Car. 
To Its Right, Concealed by the 8-Cu. Ft. Sand-Hopper, Is the 
Driver’s Seat, with All Controls Located for His Convenience and 

Comfort. Note the Unobstructed Vision from the Windows 


its right is placed a motorcoach-driver’s seat, with all 
controls located for the convenience and comfort of the 
operator, as may be seen in Fig. 4. The operator, in fact, 
is as comfortable as any passenger in the train. The 
window to his right has a slidable sash, divided vertical- 
ly, so that he can lean out if occasion demands. 

Immediately behind the driver’s seat is a rectangular 
sand-hopper of 8-cu. ft. capacity. Sand is fed from this 
by air to the wheels of the forward truck of the car when 
desired. To the left of the engine is the voltage- 
regulating equipment and the switch cabinet for the 
power-car and also the air-compressor and auxiliary 
heater for the water of the cooling system (Fig. 5). 

All power-generating equipment, both mechanical and 
electrical, is located in the engine-room, which is sepa- 
rated from the baggage compartment by a light-weight 
removable steel partition containing two doors of liberal 
size. The baggage-room is free from equipment except 
four drop-lights and the hot-water coils for heating pur- 
poses. 

The heating equipment consists of a standard double- 
coil heater such as has been used in the past by many rail- 
roads. This type of heater and the two-unit system 
whereby each side of the car is heated independently is 
somewhat heavier than some other heating systems but 
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Fic. 4—-OPERATING CONTROLS AND DRIVER'S SEAT 
On a Control Staff in the Center Foreground, to the Operator’s Left, 
Are Carried the Throttle and Spark Levers, Electric-Starter Switch, 
Pneumatic-Starter Lever, and the Ignition Control. The Starter 


Switch and Ignition Lever Are Protected by Lock Switches. Ad- 
jacent to This Control Staff Is the Reverse-Gear Lever. On the 
Instrument Panel, above the Clutch Pedal, Are Grouped an Oil- 


Pressure Gage, Ammeter, Speedometer, and Two Gages for the Air- 
Brake Pressure-System. Inlet and Outlet Water-Temperature Ther- 
mometers Are at the Left. To the Right, Directly in Front of the 
Seat, Are the Air-Brake Valve, Three Small Valves for Control of 
Air to the Sanding Devices and Bell, the Pull-Cord for the Air- 
Whistle, and the Gear-Shift Lever. Switches for Control of Classi- 
fication Lights, Headlight and Illumination of the Engine-Room and 
Control Panel Are within Easy Reach. The Window at the Right 
Slides Longitudinally and the Front Window Has a Manually 
Operated Wiper 


is a proved system that has been found through severe 
test to meet the requirements perfectly. 

Another detail of the car that has been given more 
than passing attention is the arrangement and selection 
of equipment for the washroom. A storage-tank of 
liberal capacity supplies water for washing and flushing 
purposes, and the washbowls and hopper are the best 
obtainable. A sanitary water-cooler is used. In addition 
to these fittings, the room has a ventilator, electric light, 
mirror, coat and hat-hooks, and other usual fittings. 

Two fuel-supply tanks of 100-gal. capacity each are 





Fic. 5—Lerr SIDE oF ENGINE COMPARTMENT 
In the Forward Corner Is a Kerosene Heater for Auxiliary Warm- 


ing of the Cooling Water During Stand-by Periods. At the Left 

Front of the Engine Is a Two-Cylinder 12-Ft. Air-Compressor That 

Starts Pumping when the Main-Reservoir Pressure Falls below 100 
Lb. and Stops when the Pressure Reaches 115 Lb. 
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This Is a Light-Weight Day-Coach 
the Latter. lt Is Ve 


located beneath the floor of the car on the right side im- 
mediately back of the forward truck. They are connected 
with flow-piping and each is vented to the atmosphere; 
consequently, the two tanks are filled simultaneously 
through a common filler-neck on the forward tank, and 
a float-gage on this tank indicates the level of fuel in both 
tanks. The fuel-supply connection for the carbureting 


system of the engine is taken from the forward end of 
the front tank. 


TRAILER-CAR FOLLOWS POWER-CAR DESIGN 


The design of the trailer-car body, as shown in Fig. 
6, conforms in all respects with the construction of the 
passenger compartment of the power-car. The steel 
framing is identical except for such changes as result 
from the substitution of a vestibule end in place of the 
engine compartment, and all equipment such as seats, 
hardware, and lighting, heating and washroom equip- 
ment, is identical with that used in the power-car. 

The coupled length of the trailer-car is 52 ft., the 
seating capacity is 58, and the weight is 54,000 lb. This 
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Fig. 6—TRAILER-CAR IN PLAN AND ELEVATION 
Designed for Use in Conjunction with the 


Power-Car and Embodies Many Features of 
sstibuled at Each End 


is simply a light-weight day-coach designed to be op- 
erated in conjunction with the power-car and embodies 
as many of the features of the latter as are required to 
accomplish the same sought-for results. 


DETAILS OF SPECIALLY-DESIGNED 175-Hp. ENGINE 


Thorough analysis of the demands imposed upon the 
powerplant of a rail-car led us to design a six-cylinder 
engine of 5 1,/4-in. bore by 7 1/4-in. stroke, capable of 
delivering continuously 175 b.hp. at 1300 r.p.m. The 
exterior and a longitudinal section of this engine are 
shown in the two views of Fig. 7. The front elevation 
and transverse section are reproduced in Figs. 8 and 9, 
respectively. A typical set of performance curves is 
given in Fig. 10. 

A four-bearing crankshaft was decided upon, as this 
permits the shortest length and most liberal bearing- 
areas for an engine of the size shown. First considera- 
tion was given to the crankshaft, because it determines 
the rest of the design to a large extent. The shaft is 
of S.A.E. 1045 steel, heat-treated to an elastic limit of 





ENGINE IN SIDE ELEVATION AND LONGITUDINAL SECTION 


Each Twin Cylinder-Block-Casting Has an Independent Head with Aluminum-Covered Independently Operated Valve Mech- 


anism. A Deep Crankcase, Ribbed and Flanged Internally, Gives Rigid Support to the 


necting-Rods Are Tubular. Two Carbureters Are Mounted 


Governcer. The Flywheel Has a Ring Gear for Electric Starting and a Ratchet for 


Made for Pneumatic Starting of the Engine by Admission of 
Clutch Is Used and Is Positively Ventilated through Holes 
Available for Ignition, and Two Spark-Plugs Are Provided in 


Four-Bearing Crankshaft. The Con- 
on the Straight Manifold-Trunk and Controlled by a Speed- 
Hand-Cranking. Provision Is also 
Compressed Air to the Cylinders. A Three-Plate Dry-Disc 
in the Bell-Housing. Both Battery and Magneto Current Is 
Each Cylinder. All Wearing Parts Are Continuously Lubri- 


cated by Pressure Feed 
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70,000 lb. and having a reduction of area of at least 45 
per cent. This steel and treatment assured a shaft of 
liberal strength and high fatigue-resisting value. All 
main bearings are 3 1/3 in. in diameter and all crankpins 
8 1/4 in. in diameter. The shaft is machined all over 
and put in static and running balance before assembling 
in the engine. It is drilled for pressure lubrication to 


each crankpin, and oil from the crankpins is delivered 
under pressure to the wristpins of the six pistons. 
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Fic. 8—FRONT ELEVATION OF THE ENGINE 
A Simple Train of Helical Timing-Gears Drives Direct from the 
Crankshaft to the Camshaft and from the Camshaft to the Water- 
Pump Shaft 


As the result of thorough consideration a tubular-type 
connecting-rod of S.A.E. 6130 chrome-vanadium steel 
was developed. This material was chosen for its high 
strength and great resistance to fatigue. These rods are 
lighter than forged rods of I-beam section and equal 
strength and are so shaped externally and internally that 
there are no abrupt changes of section and no fillets. 
They are machined and polished all over and are bored 
and reamed smooth on the inside to remove all tool marks 
that might tend to localize fatigue stress and to minimize 
as much as humanly possible the danger of rod failure. 
They are heat-treated to a Brinell hardness of 320, which 
produces an elastic limit of about 145,000 lb. with a 
reduction in area of 60 per cent, and an ultimate strength 
of about 170,000 lb., which results in high strength and 
unusually high fatigue-resisting value. Oil for wristpin 
lubrication passes up through the hollow core of the 
rods, which are floated on bronze bushings at their small- 
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ends and on_ bronze-backed babbitt-lined 
bearing-shells at the big-ends. 

The pistons are of close-grained cast iron and espe- 
cially designed for the engine. The piston-head is of 
liberal thickness and the skirt very light and ribbed an- 
nularly. Four rings, all above the wristpin, seal the 
piston. Oil-pumping is prevented by drainage incor- 
porated in the design beneath the bottom ring. 


THREE CYLINDER-BLOCKS HAVE INDEPENDENT HEADS 


The cylinder construction consists of three twin blocks 
of close-grained iron which are suitably water-jacketed 
and attached securely to the top of the crankcase. The 
cylinder-heads are removable and contain overhead in- 
take and exhaust-valves and the combustion-chambers. 
Each block of twin cylinders has its independent head 
and each head has its independent group of valve- 
operating mechanism, which is concealed in a polished 
aluminum cover that rests upon a suitable gasket, thus 
effecting an oil-tight joint between the cover and the 
cylinder-head. High volumetric efficiency and conse- 
quently high power-output result from the use of intake- 
valves of considerably larger diameter than the exhaust- 


removable 
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Fic. 9—TRANSVERSE SECTION THROUGH ENGINE 


To Avoid the Transmission of Engine Vibration to the Car Frame, 
the Engine Supports on Either Side Are Insulated from the Frame 


by Oil-Soaked Wood Bushings around the Anchor-Bolts and by 

Insulating Material under the Supporting Arms and under the -Bolt- 

Heads. A Double Sliding-Vane Oil-Pump Driven by Spiral. Gearing 

from the Camshaft Draws Oil from the Lowest Level of the Oil- 

Sump and Delivers It to a Tank and Filter in ‘the Engine-Room. 
whence It Returns to the Pressure Oil-Pump 
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— a OU a 
valves. Chrome-nickel steel is used for the intake-valves Water Storage Tank e 
and silchrome material for the exhaust-valves. a. | f Pocinor ee 
The crankcase is made a deep casting to provide maxi- Parsee FH 
mum strength and great rigidity for support of the Gate Valve 7 ‘Radiator 
crankshaft. It is of thin section but is effectively ribbed 7 6 | ? 
and flanged and has a smooth exterior. Three inspection ee . 
holes with covers are provided on the manifold side to Water Outlet Manifold, 
permit interior examination without removal of other ame a el 
. | , 
parts. Four supporting arms attached to the crankcase WeterIniet ESIC) If) Standard 
I Manifold ~~} sete tae ad Thermometer Perfection Kero 
serve as the main support for the powerplant. ima ’Wister Mineter 
To avoid metallic contact of the engine with the steel 
frame of the car, oil-soaked wood bushings are inserted 
in the supporting arms through which the anchor-bolts aero 
7x 77-6 Cyh 
. Engine 
Fic. 11 DIAGRAM OF ENGINE COOLING-SYSTEM 
To Avoid Cluttering Up the Engine-Room and Obstruc , 
Driver’s Vision, the Radiator Is gunk in a Well on the Car lent 
and Receives the Hot Water from a Storage-Tank on the Roof 
The Water Flows by Gravity through the Radiator and Piping to 
the _Water-Pump on the _Engine. A Horizontal Fan above the 
Radiator Receives Cool Air through Ducts That Lead from Open- 100 
ings in the Letter-Board Panels of the Car Body. In Cold Weather 
during Stand-By Periods, Water Can Be Diverted from the Cylinder 1300 


Jackets through the Auxiliary Water-Heater and Ret 
Auxiliary ’ DE urned to the 
Storage-Tank, Thus Providing Thermosiphonal Circulation and T 
Protection against Freezing 






























A 
carbureters. The carbureters are located equidistant be- an € 
tween the branches and attached to the throttle-valve secu 
chambers, the valves of which are controlled by a speed- sign 
limiting governor. The exhaust manifold consists of clute 
three Siamesed connector-pipes joined by a trunk mani- 32-v 
fold to which a vertical exhaust-pipe is flange-connected. spec 
Provision is made for slippage to take care of the in- of tl 
crease in length of the manifolding due to changes of Thi: 
temperature, thereby relieving the engine of the strains and 

a aan Goa —+— that would otherwise be transferred to the crankcase and the 
40 = wan i | ee crankshaft. pen 
400 500 000 700 800 900 1000 1100 1200 1300 1400 A water-pump of conventional design is located at the vide 
r Speed,r.p.m forward end on the right side of the engine. It delivers T 
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Fic. 10—TyYPICAL Ser OF ENGINE-PERFORMANCE CURVES 


These Curves Were Taken on Gasoline Fuel with Equipment Con- 
sisting of Two Zenith Model-S P Carbureters and a Robert Bosch 
Two-Spark Model Z-6 Magneto Pad 


pass, and washers of suitable insulating material and of 
liberal size are placed under the lower side of the sup- 
porting arms and under the heads of the anchor-bolts. 
Thus engine vibrations of high frequency and any vibra- 4s | 
tions that reach a state of resonance are prevented from & 
passing into the steel frame of the car, where they might 
become amplified. 

The base-pan is a one-piece aluminum casting shaped 
to form a shallow oil-sump at the right side of the engine, 
and the drain for the pan is located at the lowest part Jee eo 
of the sump. : 

All main bearings of the crankcase are fitted with re- 
movable bronze-backed bearing shells, as in the case of 
the connecting-rods. 

A simple timing-gear train is employed that permits 
direct drive from the crankshaft to the camshaft and 
from the camshaft to the water-pump shaft. Helical 
gears are used and have been found entirely satisfactory. 

Simple manifolding was laid-out to give maximum he rite emerigys or COOLING SYSTEM WITH RELATION TO a 
performance with gasoline as fuel. The intake manifold That Can Be Removed in Warm Weather, The Fan food Can Be 
has a straight trunk with three branches, one to each cyl- Closed Completely or Opened on the Sides. The Fan Shaft Is 


. ‘ 4 Driven from a Transmission Unit above the Bell-Housing on the 
inder-head, and provides for the mounting of two Engine 
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FIG. 


14—THRBEE-SECTION TRANSMISSION UNIT THAT PROVIDES FouR FORWARD AND Four REVERSE-SPEEDS 


The Driveshaft from the Clutch Connects with the Reverse-Gear Section or Compartment, whence the Torque Is Delivered 


to the Central Change-Speed Gear-Box_ in Either Direction of Rotation. \ 
Operator by Means of a Lever That Operates Suitable Gear-Shifting Mechanism. 
trols the Meshing of the Gears in the Change-Speed Box, Selects the Desired Gear-Ratio. 


a Transfer and Compensating Gear-Chamber at the Rear, 
Driveshafts. 


Diameter of the Wheels on the Two Trucks. ; 
Arm at the Front Provide Three-Point Suspension. 


Forward or Reverse Motion Is Selected by the 
Another Gear-Shift Lever, Which Con- 


The Power Is then Delivered to 


beneath Which Is a Housed-in Differential and Longitudinal 
These Shafts Deliver the Drive to the Two Trucks, and the Differential Compensates for Any Difference in 


Two Supporting Arms on the Rear of the Transmission and a Pivoted Cross- 
Vibration Is Insulated from the Main Frame of the Car as in the Case 


of the Engine Mounting 


100 gal. per min. to the engine at an engine-speed of 
1300 r.p.m. 


THREE INDEPENDENT STARTING SYSTEMS PROVIDED 


A flywheel, with which is incorporated a ring gear for 
an electric starter and a ratchet for hand-cranking, is 
secured to the flanged end of the crankshaft and is de- 
signed to receive a special three-plate spring-operated 
clutch of unusual smoothness of action. In addition to a 
39-volt electric starting-system and manual starting, a 
special pneumatic distributor, driven from the rear end 
of the camshaft by means of spiral gearing, was designed. 
This receives air under main brake-reservoir air-pressure 
and distributes it through six tubes and check-valves to 
the six cylinders of the engine. Three distinct and inde- 
pendent types of starting equipment are thereby pro- 
vided. 

The camshaft is a one-piece carburized chrome-nickel- 





Fic. 


Drive to This Unit Is by a V-Section Leather Link-Belt from a 
Double Sheave on the Hub of the Universal-Joint Attached to the 
Clutch-Shaft Shown in Fig. 7 


13—FaNn SHAFT AND ITS DRIVE UNIT 


steel forging located to the right of the longitudinal 
center-line of the engine. It actuates mushroom tappets 
mounted in removable tappet-guides and vertical push- 
rods extending to the rocker-arm mechanism mounted on 
the cylinder-heads, all of which are under pressure-feed 
lubrication. 

A double sliding-vane oil-pump is driven from the 
camshaft by spiral gearing. The pump-chamber is sus- 
pertded at a low level in the base pan, and the suction 
line for the pump which empties the sump is located at 
the lowest level. The engine, therefore, has practically 
a dry oil-sump. The oil is delivered to a receiver-tank 
and filter mounted on the engine-room partition, where 
it is filtered through close-mesh wire-screen before flow- 
ing by gravity to the pressure-pump. This pump delivers 
the oil at 30-lb. pressure to every vital part of the 
engine. The pressure is regulated by a device near the 
rear of the engine on the right side and all bypassed 
oil is returned to the timing-gear case through a large 
tube running close to the top of the three cylinder- 
blocks. This tube is connected to each block at the center 
by a suitable fitting, and oil from it enters a duct in each 
block, passes up through the cylinder-head into the 
rocker-arm brackets, and through these into the rocker- 
arm shafts and thence to the rocker-arms, valves and 
push-rods, then back to the mushroom tappets and to the 
cam surfaces; consequently, all parts are continuously 
lubricated. 

A flywheel-type governor of simple design affords 
somewhat sensitive regulation of speed. It is assembled 
as an independent unit that can be removed without 
interference with other parts. 


BATTERY AND MAGNETO IGNITION AVAILABLE 


Dual and double ignition are provided; that is, both 
battery and magneto ignition are available so that if 
either system should fail the other can supply current, 
and two spark-plugs are inserted in each combustion- 
chamber. When running on the battery only one plug in 
each chamber is used but when running on magneto 
current both plugs ignite the charge simultaneously. 
The magneto is a Robert Bosch two-spark dual high-ten- 
sion machine. Battery current is supplied by large Put- 
nam storage-batteries mounted at the right side of each 
car. These are charged by a 32-volt 1-kw. train-lighting 
generator bracketed on the right side of the crankcase 
and driven from a special generator-driveshaft built into 
the timing-gear case of the engine. This generator has 
sufficient capacity to illuminate the two-car train prop- 
erly. Automotive types of generator are not large enough 
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for this purpose; moreover, this type is widely used on 
railroads, whose men are familiar with it, and repair 
parts that require occasional replacement usually are kept 
in stock by the railroad companies. The electric starting- 
motor is a back-geared 32-volt Leece-Neville with Bendix 
gear. It is attached to the forward side of the bell- 
housing on the left side of the engine. 

Fuel is pumped from the main supply-tanks beneath 
the car by an electric-solenoid fuel-pump mounted on the 
ficor of the car at the left of the engine. The pump has 
a capacity of 30 gal. per hr. and delivers the fuel to a 
glass receiver and settling-chamber that enables one to 
observe the action of the pump, the condition of the fuel 
and the separation of water and other foreign substances 
from it without interfering with the running of the en- 
gine. Fuel flows by gravity from this chamber to the 
two carbureters attached to the intake manifold. The 
carbureters are connected to a common throttle-operating 
lever, and the air intakes of the carbureters join with an 











Fic. 15 


TRUCK DRIVE-UNIT ASSEMBLY 

One Drive-Unit Is Mounted on Each Axle and the Two Are Con 
nected by a Longitudinal Shaft the Ends of Which Fit in Gear 
Type Jaw Clutches on the Stub-Shafts of the Drive Units The 
Rear Axle of the Forward Truck and the Forward Axle of the 
Rear Truck Have Drive Units Provided with a Countershaft Which 
Takes the Drive from the Transmission and Delivers It through 
Reduction Spur-Gearing to the Shaft and Bevel-Gearing of the 
Drive Unit. From These the Power Is Transferred to the Units o1 
the Forward Axle of the Front Truck and Rear Axle of the Rear 
Truck. Speed Ratios of 2.55 and 2.94 to 1.00 Are Available in the 
Spur-Gearing 


air-warming device for use when desired. The valve- 
mechanism covers are connected to the air-intake system 
of the carbureters, and all breather fumes are drawn 
into the engine, thus keeping the engine-room free of 
gases that might be objectionable. 

The specially designed spring-engaged clutch is of 
three-plate dry-disc lever type and has a torque capacity 
at least 50 per cent in excess of maximum requirements. 
The plate areas are so liberal that the unit surface- 
engaging pressures are unusually low. The pedal pres- 
sure, due to the way in which the pedal is connected to 
the clutch, is approximately only 30 lb. Smooth engaging 
action is obtained, with large slip capacity. To facilitate 
shifting of transmission gears, a clutch brake-drum is 
mounted on the main driveshaft from the clutch to the 
transmission. This brake operates in unison with the 
clutch and enables the operator to shift gears quickly 
and with certainty. The clutch is also provided with a 
quick and foolproof means for adjustment to prevent 
excessive slippage. 

Positive ventilation of the clutch is provided by holes 
in the top and bottom of the bell-housing and the induc- 
ing of a violent circulation of air through this housing 
by the ratchet teeth at the periphery of the flywheel. The 
air is discharged through the starting-bar slot at the 
upper left corner of the housing. Incidentally, this ven- 
tilation acts as a fresh-air supply for the engine-room 
and helps to replenish air that is removed rapidly by 
carbureter suction. 
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Fic. 16—DIAGRAM OF POWER-TRANSMISSION SYSTEM 
All Four Axles and Eight Wheels of the Power-Car Are Driven 
Shafts from the Clutch to the Transmission and from the Trans- 
mission to the Truck Drive-Units Are Provided with Universa}- 
Joints and Supporting Ball-Bearings. Slip-Joints and Jaw Clutches 
Accommodate Slight Variations in Center Distances 


CONTROLS GROUPED FOR OPERATOR’S CONVENIENCE 


Reverting to Fig. 4, attention is directed to the group- 
ing of controls and recording instruments in the engine 
compartment. A control staff at the left of the operator 
carries the engine-throttle lever, spark-control lever, 
electric-starter switch, pneumatic-starter lever, and the 
complete ignition-control. The starter switch and igni- 
tion lever are safeguarded by locked switches that must 
be turned on with a key before current for starting or 
ignition can be obtained. On the control board, above 
the clutch-pedal, are grouped the oil-pressure gage, am- 
meter, speedometer, and the two pressure-gages for the 
air-brake pressure-system. This panel is illuminated by 
an electric dash-light. To the left of the operator are 
also located two illuminated thermometers for the indica- 
tion of temperatures of the inlet and outlet water of the 
engine cooling-system. 

At the operator’s right are the air-brake valve, three 
small valves for control of air to the sanding devices and 
the bell, the pull-cord for the air-whistle, and the gear- 
shift lever and its quadrant. The reverse-gear lever and 
quadrant are to his left, and the clutch pedal is located 
for operation by the left foot. Switches for the control 
of classification lights, headlight, and illumination of 
the engine-room and control panels are within easy reach. 
A double window-wiper, manually operated, is mounted 
on the right-hand forward window of the engine-room. 

In the forward left-hand corner is a _ two-cylinder 
Westinghouse 12-ft. air-compressor, driven by a link-type 
V-section leather belt from the forward end of the engine 
crankshaft. A special unloading device causes the com- 
pressor to start pumping air when the main-reservoir 
pressure falls below 100 lb. and relieves the compressor 





Fig. 17 
At the Front End of the Propeller-Shaft forward of the Universal- 


UNDER-SIDE OF PowsmrR-CaR LOOKING FORWARD 


Joint Is the Propeller-Shaft Brake. Beneath This Shaft Is the 
Jointed Shaft from the Transmission to the Drive Unit on the 
Forward Truck 
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from continuous pumping-duty after the pressure has 
reached 115 lb. With the type of brake mechanism used, 
this compressor has adequate capacity. 

The function of the oil-burner-type water-heater lo- 
eated in the engine department and shown in Fig. 5 is 
to maintain warmth and circulation of the water in the 
engine cooling-system when there may be danger due to 
freezing temperature. 


UNIQUE ARRANGEMENT OF THE COOLING SYSTEM 


Arrangement of the cooling system is unique. To 
avoid obstructing the view from the engine-room and 
assure effective control of the engine temperature under 
the most adverse operating conditions, the design shown 
diagrammatically in Fig. 11 was finally selected. This 
has proved satisfactory in all respects. A water-storage 
tank of 60-gal. capacity is located on the roof of the car 
and is connected to a radiator suspended in a slightly 
inclined position in an open well in the roof. The radi- 
ator is constructed to contain very little water; the 
tanks at the ends serve merely as distributing heads, 
consequently a water-storage tank is necessary. The 
radiator is of the flat-tube and fin type and is divided 
into two sections between which passes the driveshaft 
of the horizontal cooling-fan. From the radiator the 


water flows through piping to the water-pump at the 
forward end of the engine, which in turn delivers it to 
the engine jackets, where it is heated and whence it 
returns to the storage-tank. Gate-valves are installed in 





Fic. 18—Top VIEW OF PoOWER-CAR TRUCK 
This Truck Differs Radically from Conventional Railroad Practice 
aside from the Power-Transmission Mechanism. Automotive-Type 


Brakes Are Mounted on the Two Axles and Do Not Transmit Any 
Strains to the Spring-Supported Elements. Roller-Bearings Are 
Used on the Axle Journals and Are Prevented from Cramping by 


Mounting Them in Journal-Arms Connected at Their Inner Ends to 
the Side-Frames of the Trucks by Pins That Pass through Balls 
Held in Lubricated Sockets. The Outer Ends of the Arms Termi- 
nate in Trunnion-Pins Inserted in Guide-Blocks That Ride between 


Guide-Arms Attached to the Ends of the Side-Frames 


the inlet and outlet lines of the engine so that when it 
is desired to remove the cylinder-heads for valve grinding 
or other maintenance work which requires disconnection 
of the water system, these valves can be closed and only 
the water in the engine jackets need be drained. 

A branch from the bottom of each cylinder-block and 
from the water-pump connects with the water-heater. 
When the engine is not in operation cold water from the 
cylinder-blocks flows to the heater, passes up through 
the double copper coil enclosed in it, and then into the 
Storage-tank, whence it flows by gravity through the 
radiator to the water-pump. Thus a constant thermo- 
siphonal action is maintained during stand-by periods. 
The amount of heat put into the water by the heater 
need be sufficient only to maintain uniform temperature, 
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Fic. 19—Power-CarR JOURNAL-BEARING AND HOUSING 


This Is Provided with Hyatt Roller-Bearings Which Are Bathed 

Constantly in Oil. Provision Is Made against Lateral Thrust and 

for Longitudinal Adjustments, and the Housing Is Dirtproof. Com- 

pound Helical Springs for Support of the Main Frame of the Truck 
and Its Load Ride in a Cup at the Top of the Housing 


hence a single burner in the heater suffices. The com- 
plete installation of this system and its relation to the 
engine are shown in cross-section in Fig. 12. 

The storage-tank is of galvanized steel and is enclosed 
by an insulated sheet-metal hood which maintains the 
water at its maximum temperature. This insulation is 
especially desirable for cars that operate in cold climates. 
The hood can be removed quickly when warm weather 
prevails, to expose the tank to the air currents and gain 
some additional heat-radiation. 

An equally important feature of the cooling system is 
the arrangement of air supply for dissipating heat from 
the radiator. Openings in the letter-board panel, which 
can be seen in Figs. 1 and 2, are connected by two air- 
ducts built into the car with the under side of the wall 
in which the radiator is placed. Each flue has a manual- 
ly operated damper for controlling the air-flow. The fan 
above the radiator core is six-bladed and 30 in. in di- 
ameter. It is enclosed in a housing and is driven at the 
engine-speed of 1300 r.p.m. from a small transmission 
unit above the bell-housing of the engine. This latter 
unit is driven by a double link-type V-section leather belt 
from a sheave on the hub of the universal-joint attached 
to the clutch-shaft, as seen at the right of Fig. 7 and in 
Fig. 13. The fan discharges the air drawn through the 
radiator core into a hood so constructed that it can be 
closed tightly when the car is not operating or opened at 
the sides either toward the rear or front according to the 
direction of car operation. 

The large water-capacity of the system makes frequent 
refilling unnecessary. Insulation of the storage-tank and 
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Fic. 20—-TRAILER-CaR JOURNAL-BEARING AND HousInG 


Dual Timken Taper-Roller Bearings Are Used and Grease, Applied 

under Pressure, Is Employed as a Lubricant. Design of the Housing 

Is the Same as for the Power-Car and Either Type of Roller- 

Bearing Can Be Fitted, but the End-Cap and Bearing-Adjustment 
Means Are Different 
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the provision of the auxiliary heater makes the use of an 
antifreeze solution unnecessary, and, because an anti- 
freeze is not needed, the efficiency of the system is 
not lowered. Due to control of the air circulation, the 
best operating temperatures can be reached quickly and 
maintained under all atmospheric temperatures. The ar- 
rangement of the equipment avoids obstruction to vision, 
affords better light in the engine-room, and presents a 
neater appearance both inside and outside the car than 
the usual disposition of such equipment. If by any 
chance the radiator core should be damaged or require 
attention, it can be removed from the car easily and 
quickly. 


FourR SPEEDS AFFORDED IN BOTH DIRECTIONS 


A transmission of interesting arrangement and design 
has been developed to transform the engine-power and 
deliver it to the driving trucks. This is shown from 
various angles in Fig. 14. It is constructed in three sec- 
tions united in a complete assembly, and provides for 
four speed-ratios in both forward and reverse drive and 
for the transfer of the driving energy to both trucks 
under the car. The driveshaft from the clutch casing on 
the engine connects with the reverse-gear compartment. 
This permits the driving torque to be delivered to the 
adjacent change-speed gear-box in either direction of 
rotation. A reverse-gear lever and quadrant at the left 
of the operator controls the selection of forward or re- 
verse motion by means of suitable gear-shifting mechan- 
ism. The four-speed gear-compartment in the middle is 
of conventional arrangement and the proper ratio se- 
lected by means of the gear-shift lever and quadrant at 
the right of the operator, which controls the meshing 
of the various gears. From the change-speed gear-box 
the driving energy is delivered to a transfer and com- 
pensating gear-chamber at the rear. It is necessary to 
drive both fore and aft from this compartment and to 
compensate for drive-wheel slippage or a difference of 
drive-wheel diameter between the two trucks; therefore 
a differential of somewhat unusual construction is incor- 
porated in this compartment and from it the power is 
delivered through driveshafts running fore and aft to 
the two trucks. 

This transmission unit has three-point suspension. 
Substantial bracket-lugs secured to the rear portion and 
a pivoted cross-bar under the forward end support it 
from four substantial brackets on the main center-mem- 
ber of the car frame. Alignment of this unit is therefore 
not of importance. The transmission is insulated from 
metallic contact with the main frame in a way similar 
to that employed in the mounting of the engine. Ma- 
terials used in the construction of the unit were chosen 
with great care and have been processed both by heat- 
treatment and machining operations to produce great 
strength and quiet operation. All gears and shafts are 
of heat-treated alloy-steel and all gear-teeth are ground 
and are of full-depth 20-deg. pressure-angle. 

The transmission case, whose three sections interlock 
for correct alignment, is of semi-steel. Each compart- 
ment is separately lubricated. Careful consideration was 
given to selection of the antifriction bearings, and in 
each position the type of bearing was used that, in our 
opinion, fulfilled the requirements best from an engineer- 
ing viewpoint. Ball, annular-roller and tapered-roller 
bearings are the types used. 


TRUCK-DRIVE UNITS DRIVE ALL WHEELS 


The drive-gear units, mounted on the rear axle of the 
forward truck and forward axle of the rear truck, are 
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of the double-reduction spur-and-bevel-gear type, 


as 
shown in Fig. 15. The driving energy is delivered to a 
short countershaft above the truck axle, on which shaft 
is mounted a spur-pinion that meshes with a gear lo- 
cated on a longitudinally mounted shaft intersecting the 
axis of the axles at right angles. On this latter shaft 
is also mounted a bevel-gear which meshes with a similar 


gear on the truck axle. The bevel-gears are mitered. 
All of this mechanism is supported by antifriction bear- 
ings of the ball and roller types and is contained in a 
semi-steel casing which has a floating suspension on the 
axle of the truck through the medium of tapered-roller 
bearings. 

The gearcase is divided into three main sections for 
the enclosure of the mitered bevel drive-gears, their 
shaft and bearings, and the drive-gear units which 
propel the forward wheels and axle of the forward truck 
and the rear wheels and axle of the rear truck. The top 
section of the casing in which the main-drive counter- 
shaft and spur-pinion are assembled, as seen at the right 
in Fig. 15, is unnecessary in these latter two gear-units: 
consequently it is replaced by a flat cover-plate, as shown 
at the left. The two drive-gear units in each truck are 
interconnected by gear-type jaw-clutches and an inter- 
mediate driveshaft which passes under the main transom 
frame-channels and the spring-mounted truck-bolster but 
which is above the bolster spring-plank. All gearing 
runs in an oil-bath and the units are easily accessible 
for periodic examination. 

Two speed-ratios for the spur-gearing in the double- 
reduction axle-unit are available. One ratio of 2.55 to 
1.0 is recommended when the power-car is to operate 
as a single unit, and gears providing a ratio of 2.94 to 
1.0 are recommended when it is to be operated in con- 
junction with the trailer-car. These ratios afford trav- 
eling speeds of 50 and 44 m.p.h. respectively. All gears 
and shafts are of selected heat-treated alloy-steel to 
assure adequate strength and long life. 

Fig. 16 is a diagram of the complete driveshaft and 
transmission arrangement of the power-car. A two-part 
upper main driveshaft delivers the torque from the rear 
end of the clutch shaft to the forward end of the main 
transmission-unit. This shaft inclines slightly and has 
an intermediate universal-joint and supporting ball- 
bearing. The forward universal-joint is of slip type to 
compensate for slight variations in distance between the 
main transmission-unit and the engine. The propeller- 
shaft brake, described in connection with the clutch, acts 
on a brake-drum mounted 10% in. ahead of the inter- 
mediate joint. This is shown in the photograph repro- 
duced in Fig. 17. 

From the rear compartment of the transmission case 
the drive is transmitted to the double-reduction gear- 
units in the two trucks by similar two-part driveshafts, 
each of which has an intermediate universal-joint and a 
supporting ball-bearing. These shafts are connected at 
their outer ends to the countershafts of the double- 
reduction gear-units by slip-type universal-joints and 
are connected to the transmission at their inner ends by 
gear-type jaw-clutches. As previously mentioned, the 
two axle gear-units of each truck are interconnected by 
driving-shafts with gear-type jaw-clutches at either end. 

By the construction described positive drive is deliv- 
ered to all four axles of the two power-car trucks and 
the drive of the two trucks is compensated through the 
differential in the rear compartment of the transmis- 
sion. This provision was made so that if the four wheels 
of one truck were turned or worn down to a different 
size than the wheels of the companion truck, no wheel- 
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slippage would result and consequently no drop in over- 
all mechanical efficiency of the transmission mechanism 
would occur. It is important, however, that the four 
wheels of a new truck or one that has been overhauled 
should be of uniform diameter, as no medium of com- 
pensation is provided for a difference of diameter of 
wheels on the two axles of one truck; this was not con- 
sidered necessary, as the chances for trouble are of 
minor consequence compared with those which exist in 
modern locomotive-practice, in which as many as ten 
drive-wheels are rigidly coupled by side-rods. 

We believe this is the first automotive rail-car develop- 
ment in which every wheel of the power-car is a driver, 
in which respect it is similar to electrically driven 
coaches. Experience in the electric-railway field has 
proved that where maximum traction and rapid accelera- 
tion. are of utmost importance in the maintenance of 
train schedules regardless of climatic or rail conditions, 
each axle under a car should be a driving member. As 
a result of this arrangement it is practically impossible 
for the wheels to slip under starting torque due to bad 
rail-conditions and the resultant low coefficient of trac- 
tion; therefore this car is able to exert its maximum 
tractive ability under all conditions. 


TRUCKS DE2IGNED FOR EASY-RIDING QUALITIES 


At the beginning of this paper I listed among the re- 
quirements we have attempted to fulfill by the design 
and construction of this equipment the comfort and 
pleasure of the passenger and ease of riding and of 
maintenance of the equipment. Railroad passenger-car 
trucks of the type with which we are familiar are not 
notable for their easy-riding properties and some of 
them have not been so for the ease and low cost of their 





Fic. 21—UNDER-SIDE OF 


PowWeER-CaR TRUCK 


Drive Units Are Mounted on the Two Axles and Connected by 
Means of an Intermediate Shaft. A Brake-Drum Is Keyed and 
Bolted on 


Each Axle and Brake-Shoes Are Supported in a Spider 
Secured to the Drive Unit. Both Brakes Are Actuated by a Com- 
mon Pull-Rod through an Equalizer-Bar. Torque-Arms on either 
Side Transmit Torque Reactions from Axle to Axle and Preserve 
Alignment of the Drive Units. No Driving or Braking Stresses Are 
Transmitted to the Spring-Suspended Main Frame and No Cramp- 
ing Strains Are Communicated to the Roller-Bearings. The Bolster 
Is Suspended by Hanger Links That Support the Spring Plank. 
Full-Elliptic Transverse Springs Are Employed. Roller Side-Bear- 
ings Limit Body Sway 
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Fic. 22 


GROUPING OF BRAKE-OPERATING MECHANISM 


The Compressed-Air Cylinder, Pressure-Equalizing Reservoir, Triple 
Valve and Other Parts Are Placed under the Right Side of the Car 
and the Main Reservoir-Tanks under the Opposite Side. The Com- 
pressor Is in the Engine-Room. This Equipment Permits of Straight 
Air-Application when Running the Car as a Single Unit and of 
Automatic Application when Running in Conjunction with Other 
Equipment Brake Hose-Connections Are Provided in Standard 
Railroad Location at Each End of the Car for Connection with Any 
Existing Steam-Railroad Rolling-Stock 


maintenance. The fundamental construction of railroad- 
car trucks has not been advanced appreciably in a direc- 
tion to secure smoother running-action, less noise and 
lighter weight for a specified center-plate load. To 
achieve these results we have developed the unique type 
of car-truck shown in Fig. 18, which differs widely in 
many respects from conventional design. 

As power was to be applied to the power-car trucks, 
careful study of the proper installation of the drive-gear 
units was made. These considerations did not, however, 
influence or alter the construction in such a way that it 
would fail to have the desired qualities as a truck to be 
used without applied power. To minimize the rolling re- 
sistance, the trucks of the power-car are equipped with 
Hyatt roller-bearings, as illustrated in Fig. 19, and those 
of the trailer-car with Timken roller-bearings, as shown 
in Fig. 20. The housing of the journal-bearings are so 
designed that either type can be installed, and our ex- 
perience indicates that both types are admirably suited 
for installations of this kind. There are differences of 
detail in the machining of the axles, in the mounting of 
the bearings, and in the provision for lateral thrust, but 
with careful engineering and proper installation each 
type of journal-bearing has been found satisfactory. 
The housings completely enclose the journal-bearings, 
provide for an adequate supply of oil lubricant, and ex- 
clude all dirt. The amount of attention required is 
reduced to a minimum. As compared with plain bear- 
ings, the starting effort, especially in severe cold weather, 
is greatly reduced. 

To guard against the antifriction bearings being 
cramped on the axle or in the housings in any way due 
to poor track-conditions, low rail-joints, or even car 
derailment, the journal-bearings are mounted in journal- 
arms which are connected to the main cast-steel side- 
frame of the trucks at their inner ends and are free to 
move in guides at their outer ends, as seen in Figs. 18 
and 21. The inner ends of the journal-arms are pin- 
connected, but the pin passes through a turned ball en- 
closed in a lubricated socket in the side-frame casting. 
The outer end of the journal-arm terminates in a trun- 
nion-pin over which a square guide-block or slipper- 
block is mounted, and this in turn rides between the 
guide-arms, which are attached to the ends of the side- 
frame castings. 

No equalizer construction is required, as the compound 
helical-springs support the weight imposed upon the 
main frame of the truck by being placed in pockets 
directly over the journal-bearings. This construction 
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results in a flexibility of movement never before attained 
in a railroad-car truck, and no cramping loads or strains 
can be imposed upon the antifriction bearings. The 
journal-arms are free to move radially in a vertical plane 
and also axially or torsionally to relieve the bearings of 
any cramping strains that would result from a difference 
in the amount of radial movement in a vertical plane 
between the two journal-arms attached to one axle. Also, 
the main frame of the truck is completely and always 
spring-mounted with relation to the axles, which is not 
the case with conventional passenger-car trucks during 
periods of brake application, because, with the railroad 
shoe-type of brake, in which the shoes act upon the 
periphery of the wheels but are suspended from the 
main frame of the truck in an inflexible manner, all 
chance for full action of the helical springs upon which 
the main truck-frame load is imposed is counteracted. 

The truck bolster, upon which rests the truck center- 
plate, is suspended from the cross-frame transom-chan- 
nels by hanger links, which in turn support the spring 
plank (Fig. 21). Between the spring plank and the 
bolster are mounted full-elliptic springs. This construc- 
tion does not differ in any way from principles hereto- 
fore employed. Adequate vertical and lateral motion of 
the bolster is provided for in the design, and roller side- 
bearings are located at the ends of the bolster to limit 
the amount of car-body sway. 

In the installation of the driving-gear units provision 
has been made for taking care of the torque reaction 
set up in the drive-gear casings surrounding this mech- 
anism. This was done by providing for each gearcase a 
torque-reaction arm, which is attached rigidly to the 
end-wall of the case and passes through the space be- 
tween the transom channels and the spring plank to the 
opposite axle, where the forked end of the torque-arm 
straddles an end-cap on the drive-gear casing of the 
opposite axle. Therefore the torque-arm is not in con- 
tact with any rotating parts and the driving reactions 
from each of the two gearsets in a truck react upon the 
opposite axles and never pass into the spring-supported 
members of the truck. The torque-arms also keep the 
drive-gear units positively in line with each other so 
that the intermediate connecting-shaft and the gear-type 
slip-couplings on it transmit nothing but torsional driv- 
ing-stresses. 


AUTOMOTIVE-TYPE BRAKES BUILT ON AXLES 


Another feature of the design that is perhaps as im- 
portant as any other in this unit is the type and con- 
struction of the brakes. Nothing is more unpleasant 
than the screeching and grinding of brakes under a rail- 
road passenger-car and to be shaken by the periodic 
bouncing and vibration. The brakes of the rail-car are 
of the automotive type, as seen in Figs. 18 and 21. A 
two-shoe clasp-brake, lined with high-duty asbestos 
brake-lining, is mounted on each axle between the wheels. 
The brake-drums are semi-steel castings, chilled, and 
ground to a high polish on the outer surface. They are 
cast in one piece but are cracked into two semicircular 
halves after all machining operations are finished and 
are then keyed and bolted to the axles. The brake-shoes 
are supported from a spider-arm casting securely at- 
tached to the end-wall of the axle drive-gear unit. The 
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spider also supports the fulcrum-pins and the operating 
linkage for the two shoes of each brake. This construc. 
tion results in a light, noiseless, effective brake that 
requires very little attention and infrequent adjustment, 
and which is accessible and easy to maintain. 

Because the brake-shoe spider is attached to the axle 
drive-gear casing and is the element which is subjected 
to the torque reactions set up during brake applications, 
the torque reactions pass through the same torque-arms 
that are provided for the drive-gear torque-reactions and 
all brake strains die out at their source, never reaching 
any of the spring-supported members of the trucks. The 
two brakes of each truck are operated in unison by a 
common pull-rod from the foundation brake-rigging of 
the car. This is connected to an equalizer-bar at the 
inner end of each truck, as shown in Fig. 21. 

As a consequence of the construction described, the 
car body rides smoothly and quietly notwithstanding 
these cars are considerably shorter and lighter than 
modern steam-railroad passenger-equipment. When a 
brake application is made, no difference in the riding- 
qualities is noticed, but one experiences a feeling of 
gradually retarding motion. The train stops without 
noise or roughness and in a remarkably short distance. 

All of the foregoing features are incorporated in the 
trucks of the trailer-car; in fact, the trucks are identical 
except that drive-gear units are not incorporated. To 
employ the same type of brakes and take care of the 
brake reactions during a period of application, torque- 
arms are attached to the housings of the ring-oiled float- 
ing bearings mounted at the centers of the axles. The 
brake hook-up is identical in all respects with the ar- 
rangement used in the power-car. ; 

The foundation brake-equipment is of the Westing- 
house type especially developed for rail-car require- 
ments. Owing to the effectiveness of the truck-brake 
design, an 8-in. air-cylinder is ample for this equipment. 
If conventional railroad shoe-type brakes are employed, 
a 12-in. cylinder would have to be used. Consequently, 
the weight of all of the foundation brake-system is 
lighter than would otherwise be required and the ar- 
rangement of it is very simple. 

Grouping of the air-cylinder, pressure-equalizing res- 
ervoir, triple valve, and other parts under the right side 
of the car is shown in Fig. 22. The main reservoir-tanks 
are located on the opposite side of the car and the com- 
pressor is in the engine-room. The type of equipment 
selected permits of straight air-applications when run- 
ning as a single-car unit and of automatic applications 
when running in conjunction with other equipment. 
Brake hose-connections are provided in the American 
Railroad Association standard location at each end of the 
cars and permit the connection of this equipment to any 
existing steam-railroad rolling-stock. 

The ideas incorporated in the truck construction are 
the result of years of study and analysis and are covered 
by patents. Those incorporated in the power-generating 
and transmission mechanism and in the car bodies are 
the result of 21 years of engineering experience in the 
steam-railroad and internal-combustion-engine field. If 
we have created a piece of equipment that successfully 
meets the tests of operation and time, we shall feel that 
a creditable piece of work has been done. 
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Studies of the Oscillation of Automobile 
Leaf-Springs 


By N. E. HEnNprRickson! 








BuFFALO SEcTION PAPER 





ABSTRACT 


UBSTITUTION of scientific data obtained by ex- 

periment for the mere opinions long since prevail- 
ing about the respective values of arguments pro and 
con in regard to the interleaf friction of springs, the 
effectiveness of many leaves versus few leaves, the 
lubrication of springs and kindred subjects, was the 
objective of the author and the results he has secured 
since the start of the experimental work early in 
1924 are set forth. Tests were conducted with springs 
having leaves varying in number from 1 to 14 and, 
in all cases, both when dry and when copiously lubri- 
cated with thin oil. All the variable factors were in- 
cluded during the progress of the experiments, the 
number of combinations possible being indicated by the 
fact that about 250 tests were made and more than 
50 different springs were used. 

After describing in detail the springs and the auxil- 
iary equipment used and outlining the methods of 
procedure, the author presents tabular data and ex- 
planatory text relating to the effects of external fric- 
tion, of fatigue, and of interleaf friction and lubri- 
cation. The effect of increasing the “nip” or tension 
between the leaves by making the longer leaves less 
curved and the shorter leaves more curved than usual 
was studied, as well as the subject of the “starting 
friction” of dry springs and the effects of rust and of 
tight shackles. Tests were made also to determine 
the number of spring movements per mile on the so- 
called “average” automobile, and these are discussed. 
In conclusion, deductions made from the data obtained 
are enumerated. 


HEN an automobile tire strikes an obstruction 

in the road, the energy of the blow must be dis- 

sipated by spring and by tire movement. Hence, 
we desire that automobile springs respond promptly but, 
immediately afterward, we want them to be sluggish 
and to retard the movement, and these are very contra- 
dictory characteristics to demand of the same device. 
The vibratory movements of automobile spring-suspen- 
sions have long been a subject of discussion and often 
of violent controversy. From the earliest days of the 
automotive industry there have been arguments about 
the value of the interleaf friction of springs, about the 
effectiveness of many leaves versus few leaves, about the 
excellent or the detrimental qualities of spring lubrica- 
tion and about kindred subjects. Inasmuch as most of 
these arguments were based merely on opinions and not 
on accurate knowledge, the need of a scientific study of 
the subject was apparent. 

We have aimed throughout our tests to use automo- 
bile springs of full size, mounted on standard shackles 
and spring-bolts and supporting customary automobile 
loads. Consequently, no allowances need be made be- 
cause of miniature apparatus. Our machine, shown in 
Fig. 1, consisted essentially of a sturdy framework in 
which a leaf-spring, inverted, could be made to swing 
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up and down. Suitable constant loads corresponding to 
the “static” or “at-rest’” load of the automobile were 
hung from the spring, and additional deflection was im- 
posed by a nut and screw. As the spring was suddenly 
released, a pencil fastened to it recorded the oscillations 
on a chart that moved horizontally as shown in Fig. 2. 

We conducted tests with springs having leaves varying 
in number from 1 to 14 and, in all cases, both when 
dry and when copiously lubricated with thin oil. We 
tried shackles both vertical and inclined, shackles both 
tight and loose, and tested both with and without snub- 
bers; in fact, all kinds of variables were tried in this 
attempt to answer the numerous questions involved. 
The number of combinations possible can be realized 
from the fact that we made upward of 250 tests and 
used more than 50 different springs. 

The work was started early in 1924, and we chose 





Fic. 1—MACHINE USED FOR TESTING AUTOMOBILE SPRINGS 
The Machine Was Capable of Testing Automobile Springs of Full 
Size, Mounted on Standard Shackles and Spring Bolts and Sup- 
porting Customary Automobile Loads. A Sturdy Framework in 
Which a Leaf Spring, Inverted, Could Be Made to Swing Up and 
Down Was Used. Suitable Constant Loads Corresponding to the 
“Static” or “At-Rest” Load of the Automobile Were Hung from the 
Spring, and Additional Deflection Was Imposed by a Nut and Screw. 
As the Spring Was Suddenly Released, a Pencil Fastened to It 

Recorded the Oscillations on a Chart That Moved Horizontally 
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Fig. 2—SPECIMEN OF THE DAMPING CURVE OF A SPRING 
A Seven-Leaf Spring Was Used To Produce the Curve Shown. The 
Spring Was Lubricated, Was Punched at the Center for Mounting, 
and the Leaves Had Slight Nip 


as our standard dimensions those of a conventional front 
spring, 37°4 in. long from center to center of the eyes 
when flat and 2 in. wide. Except where otherwise men- 
tioned, the static load was 645 lb., and this gave a 
1%-in. deflection, as the spring stiffness was 430 lb. 
per in. The deflection was increased to 34% in. by 
using the nut and screw already mentioned, the resulting 
load on the spring then being 1350 lb. The springs 
were practically flat under static load in all the tests, 
so that any effect of camber was practically eliminated; 
at any rate, it was not a variable in different tests. 
Springs having the same number of leaves and of 
exactly similar flexibility were tried; some had the cen- 
ter bolt in the exact center so that the length of each 
half was 18 11/16 in. and others had the bolt 1 11/16 
in. out of center, making the lengths on either side of 
it 17 in. and 20% in., respectively. Apparently, there 
was no effect on the number of oscillations before full 
damping results. Keeping all other factors constant, we 
tried inclining the shackles at various angles up to 30 
deg., without affecting in the slightest the number of 
spring oscillations before full damping occurred. We 
proved what is obvious without tests, that reducing the 
shock deflection reduces the number of oscillations be- 
fore the spring comes to rest; in other words, there was 
less stored kinetic energy to be dissipated. However, 
it was interesting to find that the reduction was ex- 
actly proportional to the reduction in additional deflec- 
tion of the spring; when the “shock deflection” was only 
3%, in., the spring came to rest in half the number of 
oscillations that it showed with 1'4-in. shock-deflection. 


EFFECTS OF EXTERNAL FRICTION AND OF FATIGUE 


Knowing that the damping of oscillations actually 
results, we were anxious to determine whether external 
friction, such as is always present at bearings or eyes, 
or inherent molecular-friction in the steel was respon- 
sible. To eliminate interleaf friction, we therefore made 
tests on single leaves of new steel of varying thick- 
nesses, mounted on well oiled shackle-bolts, using 1 3/16- 
in. static-deflection and an additional 1 3/16-in. shock- 
deflection, the shackles being vertical at normal load. 
The results are given in Table 1. 

The values varied so considerably that we made fur- 
ther tests to determine whether fatigue conditions in 
the steel would affect the number of oscillations. We 
used some main leaves that had been in service perhaps 
for 15,000 miles in front springs, and tried the deflec- 


TABLE 1—RESULTS OF TESTS TO DETERMINE WHETHER 
EXTERNAL FRICTION OR INHERENT MOLECULAR-FRICTION 
IS RESPONSIBLE FOR THE DAMPING OF OSCILLATIONS 


Thickness Number 
of of 
Leaf, In. Oscillations 
0.203 26 
0.284 28 
0.340 46 
0.500 42 


tions already mentioned. The results are given ip 
Table 2. 


TABLE 2—RESULTS OF TESTS MADE TO DETERMINE 
WHETHER FATIGUE CONDITIONS IN THE STEEL AFFECT 
THE NUMBER OF OSCILLATIONS 


Thickness Number 
of of 
Leaf, In. Oscillations 
0.284 22 
0.284 38 


0.284 40 


It will be noted that two of the leaves that had been 
in service oscillated longer than a freshly heat-treated 
leaf and that the variation was again very considerable, 
which led us to the conclusion that the difference in 
number of oscillations was more likely to have been 
caused by external friction than by internal molecular- 
friction. We even felt justified in concluding that high- 
grade spring-steel, properly heat-treated and of high 
inherent-fatigue quality, remains perfectly elastic even 
after long use in fatigue service. Good springs appar- 
ently do not become “sluggish” or “dead” for a long 
time, if ever. 


INTERLEAF-FRICTION EFFECTS 


That external friction is of value in damping oscilla- 
tions is already evident from the foregoing variation 
in results. Interleaf friction is of much greater value, 
however, for we made tests using rollers of hard drill- 
rod 1/16 in. in diameter to separate the leaves and not 
using a lubricant. The leaves were freed of all scale. 
The results are given in Table 3. 


TABLE 3—RESULTS OF TESTS MADE WHEN USING ROLLERS 

TO SEPARATE THE LEAVES, THESE BEING OF HARD DRILL- 

ROD AND 1/16 IN. IN DIAMETER. NO LUBRICANT WAS USED 
Number of Number of Oscillations 


Leaves With Rollers Without Rollers 
4 40 13 
7 38 11 
10 37 g 
14 36 8 


With the rollers between the leaves the number of 
oscillations was very similar to that for the single leaves, 
and thus the value of interleaf friction is evident. 

We next wanted to determine whether the maximum 
damping obtainable by increasing the number of leaves 
to extreme values could compare in efficiency with an 
auxiliary energy-absorbing device. For this purpose 
we used a well-known snubber or shock-absorber of the 
early 1924 non-balloon type. The springs were not 
lubricated. The results are given in Table 4. 


TABLE 4—RESULTS OF TESTS TO DZTERMINE WHETHER 

THE MAXIMUM DAMPING OBTAINABLE BY INCREASING THE 

NUMBER OF LEAVES CAN COMPARE IN EFFICIENCY WITH 
AN AUXILIARY ENERGY-ABSORBING DEVICE 


Number Number of Oscillations 


of With Rollers Without Rollers 
Leaves Without With Without With 
Having Snubber Snubber Snubber Snubber 
Average 
Nip 
4 40 8 13 6 
7 38 8 11 5 
10 37 ' 8) 4 
14 36 7 x 4 


We have since made tests with snubbers and shock- 
absorbers of later types, and these allowed as low as 3 
oscillations in both the 7-leaf and the 14-leaf springs. 

If the increase in number of leaves is of compara- 
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tively small value to increase the damping efficiency, 
it must be evident that so-called “rebound leaves’”’ will 
be even more futile. To verify this conclusion the third 
leaf, counting from the main leaf, was removed from 
its normal position in a 7-leaf spring and placed against 
the main leaf as a rebound leaf. In spite of the great 
pressure of the reversed leaf, the number of oscillations 
was unchanged and, incidentally, this spring showed ex- 
actly the same stiffness in our load-testing machine; 
that is, it required the same 430-lb. load to make it de- 
flect 1 in. 


INTERLEAF LUBRICATION AND EFFECTS OF “NIP” 


We also wanted to know the effect of interleaf lubri- 
cation on the damping qualities of springs, and found 
that the number of oscillations increased as much as 
65 per cent; for example, in the seven-leaf spring, which 
showed 11 oscillations dry, there were 18 oscillations 
when copiously oiled. The lubrication not only increased 
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Fic. 3—MEAN CURVES OF SPRING-DAMPING TESTS 
These Are for Automobile Springs 37% In. Long and 2 In. Wide, 
Having a Flexibility of 430 Lb. Per In. 


the number of oscillations, but it made the amp‘itude of 
the first oscillation about 10 per cent greater. Hence, 
a lubricated spring will tend to “bottom” or allow the 
axle to strike the bumper more easily, besides oscillat- 
ing longer, than a dry spring. 

We also tried the effect of increasing the “nip” or ten- 
sion between the leaves by making the longer leaves 
less curved and the shorter leaves more curved than 
usual. Obviously, this is detrimental to the stress con- 
ditions and results in early fatigue and breakage. How- 
ever, even the extreme nip that we could give, with as 
many as 14 leaves, did not reduce the number of oscilla- 
tions to anything like as satisfactory a value as was ob- 
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TABLE 5—EFFECT OF INCREASING THE “NIP” OR TENSION 
BETWEEN THE LEAVES OF SPRINGS 


Number Number of Oscillations 
of Average Nip Extreme Nip 
Leaves Dry Lubricated Dry Lubricated 
4 13 25 12 to 11 24 
7 11 19 9 17 
10 9 15 7to8 13 
14 8 12 6 to 7 10 


tained with an auxiliary energy-absorbing device. This 
is demonstrated by the data in Table 5, and by the 
curves drawn therefrom which are reproduced in Fig. 3. 

It will be seen that a seven-leaf spring of average nip, 
when dry, oscillated 11 times, and that one with twice 
as many leaves oscillated 8 times. The same 7-leaf 
spring when connected with a snubber or shock-absorber 
oscillated only 5 times, and the 14-leaf spring only 4 
times. It must be remembered that the 14-leaf spring 
weighed 60 per cent more than the 7-leaf spring and, 
because of the thinner steel, would cost more per pound. 
Most of these tests were made before the advent of 
balloon tires, and the more flexible springs required in 
these days make the use of an auxiliary energy-absorb- 
ing device in a good spring-suspension all the more 
necessary. 

STARTING FRICTION 


The opinion has long been held that the “starting” 
friction of dry Springs is very great. This has led to 
the generous use of oil or grease between the leaves and 
the results have been very detrimental to the damping 
qualities. On the other hand, it is of course important 
that a spring respond promptly to road shocks. There- 
fore, we made a number of tests to determine the load 
necessary to start movement. We used a delicate elec- 
trical contact and, to provide an equally delicate adjust- 
ment for load, we poured sand into a container that 
was mounted on the loading platform of the spring. 
Seven-leaf springs having both maximum nip and av- 
erage nip and supporting the standard 645-lb. load were 
used. The results are given in Table 6. 








TABLE 6—DETERMINATION OF LOAD NECESSARY TO START 
SPRING MOVEMENT 


Internal Condition of Load Required To 
Tension Spring Start Movement, Lb. 
Extreme Lubricated 7.00 
Extreme Dry 10.50 
Average Lubricated 1.75 
Average Dry 4.00 





Inasmuch as 10.5 lb. is only 1.7 per cent of the static 
load, 645.0 lb., the negligible value of the starting fric- 
tion is evident, particularly as this was obtained with 
extreme nip that probably could not be used safely in 
practice. In a spring having average nip, 4 lb. of fric- 
tion load is only 0.60 per cent and lubrication reduced 
this to 0.25 per cent of the static load. 

The conclusion can be drawn safely that a spring 
which is too stiff cannot be improved by lubrication, for 
any slight reduction of starting friction will in turn 
reduce the damping efficiency unless powerful auxiliary 
energy-absorbing devices are in action. Fortunately, 
the fact that the starting friction is low does not change 
the considerable friction forces during large movements, 
as these forces are very necessary. 


EFFECTS OF RUST AND OF TIGHT SHACKLES 


It is commonly but erroneously believed that dry 
springs always become squeaky. We venture to say that 
90 per cent of all the so-called “squeaks” of springs are 
caused by improper lubrication of the sides of the spring- 
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eyes and of the bolts that run through these eyes. 
Ordinarily, squeaks between the leaves of the springs 
will result only because of improper chamfering of the 
ends of the leaves so that they “dig-in” on very small 
areas of contact. Incidentally, it was interesting to learn 
that rolling or tapering the ends of the leaves, an old- 
fashioned palliative for squeaks between the leaves, did 
not affect the damping qualities as compared with con- 
ventional diamond-point or unrolled ends, other things 
being equal. 

Having studied the detrimental effect of interleaf lubri- 
cation on damping qualities, we went to the other extreme 
and deliberately rusted some springs. We first tested 
the damping qualities before rusting, when thoroughly 
oiled; then, when thoroughly rusted and dry; and again, 
with the rusty surfaces thoroughly oiled. The rusting 
was very complete, being accomplished by pouring sal 
ammoniac many times on the surfaces of the leaves while 
exposed to outdoor conditions. The exposed surface of 
the steel was badly pitted, and probably in far worse con- 
dition than ever would occur in service. The results are 
given in Table 7. 





TABLE 7—RESULTS OF TESTS OF THE DAMPING QUALITIES 

OF SPRINGS BEFORE RUSTING, WHEN THOROUGHLY OILED, 

WHEN THOROUGHLY RUSTED AND DRY AND WHEN RUSTY 
SURFACES WERE THOROUGHLY OILED 


Number of Leaves 
4 7 10 14 
Condition of Spring Number of Oscillations 


Unlubricated and in the Original 


State — iul——_—-_— — 
Lubricated and in the Original 

State 26 16 14 12 
Dry and Thoroughly Rusted 10 8 5 5 
Lubricated After Rusting but ’ 

Full of Grit 15 13 7 6 
Lubricated After Thorough 

Cleaning — 146 —-_— — 
Unlubricated After Thorough 


Cleaning a ieee 





The more complete tests on the seven-leaf spring indi- 
cate that the conclusion can be drawn safely that if 
springs have become rusty they can be restored perfectly 
by cleaning and by lubrication, and that this can be ac- 
complished simply by painting the edges and the points 
of the leaves with a brush dipped in oil, as all contact is 
at the edges and the points. In fact, accurate measure- 
ments of springs that have been in use for many thou- 
sands of miles showed that the area of contact was less 
than 7 per cent, consisting mainly of a narrow strip along 
the edges and a small area at the points. 

To determine the effect of tight shackles, we tested our 
standard seven-leaf spring of average nip with the 
shackles normally loose and well lubricated. Eleven 
oscillations were evident before full damping was accom- 
plished. Tightening the shackle and the horn of the 
front spring-eye as much as possible with an 8-in. wrench 
after the static load had been applied reduced the number 
of oscillations to seven. When the shackles were tight- 
ened before applying the load, the deflection due to the 
645-lb. load dropped from 11% in. to % in. and the num- 
ber of oscillations was only six. The latter case would of 
course be analogous to the chain assembly-system for 
automobiles in the modern factory, where the springs 
are the first pieces placed on the frame. Consequently, 
there is some reason for the fact that most cars ride 
extremely hard during the first few hundreds of miles of 
use. 

In all the tight-shackle tests a severe trembling of the 
whole framework of the machine was noticeable, which 
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of course was due to the fact that the shackle would not 
move until the spring had stored a certain amount of 
energy; then it would jerk loose a bit and remain sta- 
tionary until a further increment of energy had been 
stored. In other words, the oscillations occurred as qa 
series of “chattery”’ waves instead of smooth up-and-down 
movements. This detrimental effect of tight shackles 
which is particularly noticeable in new cars was totally 
absent in our tests of the recently developed fabric- 
shackles. These were practically friction-free and, since 
no variable of lubrication is involved, there seems to be 
no reason that they should not remain friction-free 
throughout their life. 

A number of cars in popular use are fitted with 
shackles that automatically take up side wear with un- 
questioned advantages from the viewpoint of quiet opera- 
tion, for there are few things about an automobile so 
noisy and annoying as shackles that have much side-play. 
For example, the Hupmobile uses a laminated shackle of 
spring steel, the laminations being curved in form and 
pulled up to a flat. position by the shackle-bolt so as to 
exert a constant pressure against the sides of the spring- 
eyes. The Jordan uses heavy coil-springs for the same 
purpose. We found that the Hupp laminated shackle 
with our standard seven-leaf spring, thoroughly lubri- 
cated, reduced the number of oscillations from 18 to 15. 
Hence, the automatic adjustment for wear acts as a fric- 
tion-brake at the same time, which is not detrimental if 
taken into consideration in the design of the spring. It 
actually stiffens the springs, just as most so-called shock- 
absorbers do, and allowance must be made for this effect. 


NUMBER OF SPRING MOVEMENTS PER MILE 


We thought it would be interesting to know the number 
of times a spring moves per mile on the so-called “‘aver- 
age” car, if there is such a thing as an “average” car in 
“average” service. Therefore, we fitted Veeder counters 
to the frame, just above the right front-spring, of a 
1920-model four-cylinder Willys-Knight car equipped 
with 33 x 4-in. cord-tires and Watson stabilators, and to 
the frame of a 1925-model eight-cylinder Jordan car 
equipped with 32 x 6.20-in. Firestone balloon-tires and 
Gabriel snubbers. Both cars were driven as fast as 
possible, probably 20 per cent on city streets and 80 
per cent on mainly good roads in the open country. 
There were counters to show 1%, 1, 11% and 2-in. upward- 
movements, and readings of all counters were taken fre- 
quently over a distance of approximately 3000 miles. The 
driving conditions were similar, but on long-distance 
runs the average speed of the Willys-Knight car was 
only 25 miles per elapsed hr. against 35 to 40 miles per 
elapsed hr. for the Jordan car, corresponding to driving 
speeds of 35 m.p.h. and 50 m.p.h., respectively. The re- 
sults are given in Table 8. 





TABLE 8—NUMBER OF SPRING MOVEMENTS PER MILE 
1920-Model 1925-Model 


Willys-Knight Jordan 
Amplitude of Movement, In. Number of Movements 
% 9.30 6.98 
1 4.70 4.37 
1% 1.80 2.30 
9 


0.04 0.03 








While the results may not produce a perfect curve, 
they certainly prove the smoother riding-qualities of 
balloon-tired automobiles equipped with springs of ap- 
propriate design. The road shock increases as the square 
of the speed; so, the Jordan car, with 50 per cent higher 
speed, should show theoretically at least twice as many 
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spring movements per mile. Yet the small movements 
actually are reduced about one-third and the larger move- 
ments are practically equal in number. 


SUMMARY 


In conclusion, the following statements and deductions 
seem warranted: 


(1) Springs and tires must flex to absorb road shocks 

(2) Greater flexibility means smaller forces trans- 
mitted to the chassis but, at the same time, 
larger spring-movements 

(3) Spring movements mean stored energy that must 
be dissipated 


(4) This stored energy can be dissipated only by 
friction existing internally between the mole- 
cules and externally at the spring-eyes, between 
the leaves or in an auxiliary energy-absorbing 
device 

(5) Hence, the springs and the tires are essentially 
the shock-absorbers of the automobile and, in 
performing their duties, the dissipation of the 
stored energy becomes necessary 

(6) Since the springs are not efficient in dissipating 
energy, it seems wasteful to make them do so 
by adding leaves, with consequent increases in 
cost and in weight and in poor stress-conditions. 
All thin-leaf springs are either over-stressed in 
their main leaves or under-stressed in the shorter 
leaves and this is fundamental and unavoidable, 
as the main leaf must be thick enough to give 
the required mechanical strength to the spring- 
eyes 

(7) Interleaf friction does not retard the motion of 
the spring. The period or time of oscillation is 
fixed by the static deflection only, and can be 
calculated readily from the pendulum formula. 
Hence, a multi-leaf spring of given flexibility 
will travel at exactly the same velocity as one 
with the same flexibility but having few leaves. 
The formula for a damped sine-wave brings in 
an exponential and fractional factor for friction 
which makes its effect practically negligible so 
far as period is concerned 

(8) Since interleaf friction is fundamentally of insuf- 
ficient magnitude and is variable with the pro- 
pensities of individual car-owners to lubricate 
the springs of their cars, it seems best not to 
count on it for damping purposes but to use 
auxiliary energy-absorbing devices to apply the 
brakes to spring movements 

(9) Oiling springs to remove temporary squeaks may 
not be at all detrimental to the riding-qualities 
of a car fitted with effective auxiliary energy- 
absorbing devices. If, however, the springs alone 
have to dissipate their stored energy, the effect 
of oiling may be bad temporarily; but, fortu- 
nately, a comparatively small amount of driving 
will wear-out the lubricant on the small rubbing 
surfaces and restore the damping qualities 


THE DISCUSSION 


J. W. WHITE’:—Some years ago there was much dis- 
cussion between car builders and spring manufacturers 
regarding the proper number of spring leaves and 
whether the leaves should be thin or thick. Mr. Hendrick- 
son’s paper explains that these matters are determined 
by the rebound of the spring. I am convinced that an 
energy-absorbing device is needed. About 7 years ago, 
spring manufacturers claimed that shock-absorbers are 
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not necessary, saying that the tires constitute the shock- 


absorbers. It is true that shock-absorbers were not so 
necessary when hard tires were used, but we can easily 
see why they are becoming more necessary. With a solid 
steel-tire, the shocks would be taken up wholly by the 
springs and by the road, but the present balloon tire is 
so soft that the road gets very little pounding. As the 
tire is softened, the spring must be softened, but an 


energy-absorbing device must be added. 


One of the interesting questions settled by the paper 
is that of the lubrication of springs. If the springs are 
lubricated, heavier shock-absorbers are required. The 
ideal procedure would be to use dry springs and an ab- 
sorbing device of known effect; one that is adjustable 


and uniform in its action throughout its life. 


W. C. Keys’:—The riding-qualities of a certain car 
having a four-cylinder engine were very bad; due to rust, 
the springs would not act. I lubricated the spring- 
shackles and springs thoroughly. It made a great differ- 
ence. In some cases I have found it advisable to leave 
the front springs dry and to lubricate the rear springs 
only. What is the effect if a hard blow is given suddenly 
to a spring that is lubricated, compared with the effect 


of a similar blow given to a dry spring? 


N. E. HENDRICKSON :—Our tests showed that the shock 
deflection of a thoroughly lubricated spring is less than 


10 per cent greater than that of a dry spring. 


Mr. KeEyYs:—When I can determine that an owner 
drives conservatively, I sometimes spray the springs of 
his car with oil just as I would do if the springs originally 
were designed to be too stiff. We cannot change the 


springs, so we give what assistance we can. 


Mr. Hen- 


drickson remarked that the tires and the springs of an 
automobile constitute its shock-absorbers, but I wish to 
include also the seat-cushion springs. In riding over 
what seems to be fine pavement, the “jiggle” causes great 
bodily discomfort if the rider is seated on a hard pad 


during a long trip. 
Four fundamental factors determine ei 


well a car 


will ride; the leaf-spring, the recoil-controlling device, 
the seat-cushion springs and the tires. The use of rubber 
and fabric for connecting the springs to the frame seems 
to be increasing. This should make a car ride more 


easily and quietly. 


A. G. HERRESHOFF*:—Comparison between scientific 
tests and rather crude tests of springs that I made myself 
reveals remarkable agreement, although sometimes I was 
able to get any result I desired. Finally, I drove the 
vehicle over a fixed route while it carried a pail full of 
water, and measured the quantity of water remaining at 
the end of the run. In this manner I could duplicate re- 
sults and derive conclusions. In the case of a car that 


was difficult to drive at a certain speed 


because it 


“pitched” so badly, this trouble disappeared when the 


passengers moved to the rear. 
Mr. HENDRICKSON :—So-called “pitching” 


was much 


more troublesome in the days of high-pressure tires than 
now; then, it was very important to maintain the proper 
ratio between the static deflection of the front and the 
rear springs. With balloon tires, this is no longer so 
important; instead, the ratio between the tire deflection 
and the spring deflection has become all-important. It 
is vital that front springs do not synchronize with the 
period of the balloon tires; if they do, the riding- 
qualities will be ruined. As to material for springs, the 
better the steel is the less steel we need to use, and, we 


feel that the best material is the cheapest. 


High-grade 


alloyed-steel seems to have come into its own during the 
last few years; of this class of material, chrome-vanadium 
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steel is by far the most popular because it is the most 
efficient. It is used on the cheapest and also on the finest 
cars. 

P. R. JACKSON’:—After say 10,000 miles of driving, 
is chassis sagging due to the smoothing out of the small 
irregularities of the spring-leaf surfaces? 

Mr. HENDRICKSON:—No; if a spring settles during 
use, it has become fatigued due to over-stressing, to un- 
satisfactory material or to improper heat-treatment. The 
“seating” of the spring-leaf surfaces will never cause it 
to sag more than say 1/4 in. In general, when a spring 
settles it will break ultimately because it has been 
stressed beyond its elastic limit and failure of the 
crystallized structure is imminent. The breakage of 
passenger-car springs is practically unknown at present 
if the springs are properly designed, made of suitable 
material and accurately heat-treated. Our company has 
never felt that passenger-car springs constitute a prob- 
lem, except in the securing of ideal riding-qualities, be- 
cause we have always used chrome-vanadium steel, de- 
signing with definite knowledge of the stresses based 
upon the physical qualities we could expect from the 
heat-treatment we use. The problem of building long 
life into motorcoach springs is considerably more difficult 
because they travel 50,000 to 75,000 miles per year, or 
more, which corresponds to about 10 years of passenger- 
car service. The springs of a motor-vehicle are working 
all the time, and I repeat that the best material is none 
too good for them. 

Mr. JACKSON:—In reference to the stresses in the 
main leaf of a spring at the spring-eyes, is a spring-eye 
that is made by upsetting the steel at the ends of the 
main leaf of any advantage? 

MR. HENDRICKSON :—In view of the fact that. breakage 
of the main leaf of a spring occurs very seldom and that 
there is no breakage of spring-eyes, it seems unnecessary 
to upset the ends of the main leaf. That is done in 
Europe to some extent, but the great number of chassis 
springs having rolled-up eyes that are successfully op- 
erating-in this Country indicates that failure of such 
spring-eyes in Europe is due to bad design or to poor 
material. Even if, theoretically, it were an advantage 
to upset the ends, the practical difficulties, such as the 
danger of burning the steel because of the high tem- 
perature necessary, are very great. Usually, if the 
springs are of proper length, it is perfectly feasible to 
use a gage of steel for the main leaves that is heavy 
enough to provide the desired mechanical strength in the 
spring-eyes. 

Mr. JACKSON :—What is the effect of the Hotchkiss 
drive on the performance of springs? 

Mr. HENDRICKSON :—It is rather beneficial in some 
respects and does not seem to increase the number of 
failures of springs, although the springs may have to 
work a little harder. We have made springs for cars 
that were fitted with torque-tubes and, later, when the 
Hotchkiss-drive principle was adopted, the springs were 





5M.S.A.E.—Assistant engineer, Pierce-Arrow Motor Car Co., 
Buffalo, N. Y. 


6 M.S.A.E.—Chief car draftsman, Pierce-Arrow Motor Car Co., 
Buffalo, N. Y. 


7M.S.A.E.—Experimental engineer, Pierce-Arrow Motor Car Co., 
Buffalo, N. Y. 
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not changed a particle and the riding-qualities cid not 
seem to suffer. 

Mr. JACKSON :—What is the effect of high values of 
unsprung-weight? 

Mr. HENDRICKSON :—It seems obvious that the lighter 
the unsprung-weight is, the better the riding-qualities 
are. I once towed a complete rear-system behind my 
car over rough country roads and the way it bounced 
about made me realize how a car is punched and pounded 
all the time. Average rear unsprung-weight ranges from 
450 to 750 lb.; imagine the force due to having that 
weight jump up and down under the springs continuously 
and hammering at them. It makes one realize the great 
advantages of the balloon tire. The problem of unsprung- 
weight is no longer as serious as it was. We are making 
further experiments to determine numerical values of 
unsprung-weight forces, and the results will be presented 
in a future report. 

H. T. YOUNGREN‘:—It was indicated by Mr. Hendrick- 
son that the inclination of spring-shackles up to 30 deg. 
had no damping effect upon spring action. Has he made 
any tests using inclinations up to 45 or 50 deg.? The 
usual inclination is no more than 30 deg. and serves the 
useful purposes of preventing the reversal of shackles 
during severe rebounds and of improving the appearance. 

Mr. HENDRICKSON :—We made:a few tests using an 
inclination greater than 30 deg. but the results did not 
indicate any great advantage. This is logical, as there 
is no energy-absorbing effect in merely raising or lower- 
ing the load. The energy must be dissipated by convert- 
ing it into frictional heat. 

Mr. WHITE:—In connection with the efficiency of 
springs, is the number of pounds of material used in a 
spring increasing or decreasing? 

Mr. HENDRICKSON :—Unfortunately, the balloon tire 
has made very much higher flexibility necessary and a 
given number of pounds of steel can only do a certain 
amount of work. However, no part of a motor-vehicle 
can be bought as cheaply as leaf-springs, when the 
amount of work done by them is taken into account. The 
leaf-spring is moving every minute the vehicle is in use 
and this, to my knowledge, is true of only one other part, 
the valve-springs. In spite of the increased deflections 
necessary for balloon tires, they save the car from 
shocks to an extent so great that we are making springs 
lighter than ever before. Some years ago an engineer 
stated to me that if the weight of the springs was 6 per 
cent of the weight of his car he was satisfied; yet we 
now make springs that weigh only 4 per cent of the 
weight of the car. Of the major units, the springs cost 
the least. 

W. W. SLAGHT':—As regards improvement of riding- 
qualities, is a rotating axle-pad beneficial? How severe 
is the torque effect of the engine on a flexible rear- 
spring? 

Mr. HENDRICKSON :—A rotating axle-pad is theoreti- 
cally correct in cases in which the torque-tube is used but, 
as the bearing of such a pad is seldom lubricated properly, 
it is often “frozen” so that it does not function. In 
general, the highly flexible springs used today do not 
need rotating axle-pads to cause them to function 
properly. Further, the torque deflections are not so great 
as to create any difficult problems. 
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P. WARNER! 





URING these last two months in Washington I 

have been having an experience which is, for me, 

a novel but a highly instructive one. It is both 
interesting and enlightening, after a few years of close 
devotion to the strictly technical, to be privileged to see 
the engineering profession from the outside, to see it 
with that detachment of view possible to one who, at 
least for the moment, no longer shares its problems in 
detail. 

These changes of position serve to clarify and to 
broaden one’s views; and especially is that true when 
the change is from the organization that imposes the 
problem to the one that tries to solve it, or vice versa. 
Several of my friends in the Society have passed, within 
the last 6 or 7 years, from the service of the Army or the 
Navy into that of a private manufacturer of aircraft, 
switching over from positions in which they had to view 
with skeptical eye the efforts of the designer to persuade 
them that he had complied in full with the specifications 
laid down, or had provided a satisfactory alternative, to 
one in which they themselves had the role of advocate 
before the technical personnel of those services which 
constitute the chief market for most of the manufac- 
turers of aircraft and the only market for some of them. 
I, myself, am making the reverse change, and am expe- 
riencing that change of mental attitude which develops 
out of being able to transmit troubles on to the engineer, 
to say what is wanted, and to leave it for him to perplex 
himself over the details of how the demand is to be met. 

The engineer has trouble put up to him from many 
sources, from within his own organization and, if it be 
a commercial one, from its customers, or, in the case of 
the Government services, from their operating units. 
The question of what he does when an entirely new prob- 
lem is put up to him is one which, for many of this 
audience, does not lie in the realm of theory. Many of 
you have “been there’ and know from experience what 
course your search for a solution takes. You know that, 
given a specification and the assurance of being able to 
comply with the bare skeletonized requirements of that 
document, the first, or at least a very early, move is to 
seek the background out of which that specification 
grew. A type specification, such as one issued by a 
Governmental or a commercial organization, is not a fiat 
handed down by special revelation, but an attempt to 
express in reasonably few words the average of a large 
accumulation of experience. Beyond the reading of the 
requirements set forth and adherence to the letter of the 
law, the designer working to such a specification in- 
creases his chances of success in proportion as he soaks 
himself in and indoctrinates himself with that experi- 
ence. The specification itself cannot go the whole dis- 
tance, and that for at least two reasons. One is the 
comparative inadequacy of words and the difficulty of 
expressing within a reasonable space, in sharp and defi- 
nite form, all the teachings of operating experience and 
all that may be gleaned from it about the relative ad- 
vantages of the various shades of compromise among 
conflicting qualities that the builder of aircraft may be 





'M.S.A.E.—Assistant Secretary of the Navy for aeronautics, City 
of Washington. 


~ 


3) 


0 


Cooperation in Aircraft Design 


AERONAUTIC BANQULT ADDRESS 


forced to adopt. Furthermore, there is an explicit dan- 
ger in carrying the official pronouncement of desirable 
qualities and characteristics too far. When an attempt 
made to assemble all the lessons that have been 
learned, the result inevitably goes beyond telling what 
is to be done and gets into the domain of how to do it. 
In an extreme case, the details of design might be so 
rigorously controlled that the work of the designer would 
be cribbed, cabined, and confined to such an extent as 
to make it unlikely, perhaps, that he could make any 
serious mistake, but at the same time with the result of 
inhibiting initiative. That, obviously, would be deplora- 
ble. We have a certain goal, or a series of goals, to seek; 
but when there are several roads leading toward a com- 
mon termination at the point at which we aim, we have 
no prejudice among them. Monoplane, biplane or tri- 
plane, thick wing or thin, all look alike to us, if they all 
conform equally well to service requirements; without 
freedom to strike out boldly in the introduction of new 
features, progress would be slow indeed. It is, of course, 
true that past experience leads us to expect that original- 
ity will commonly be displayed retail rather than whole- 
sale; that it will appear in the details of design rather 
than in a general revision of the general layout; but it is 
welcome anywhere and on any scale when it brings with 
it reasonable promise of bettered performance, lessened 
cost, or any other improvement. 

To get back to the situation of a designer confronted 
with a specification, his obvious recourse is to work 
directly with the people who have had the experience 
and, perhaps, put himself in the way of gaining some 
on his own account. It was my experience, one which, 
no doubt, many of you have shared, that my first few 
hours in the air relieved me of many misapprehensions 
acquired through a too close adhesion to printed pages. 
But beyond the possibility that the designer of naval 
aircraft may do some flying on his own account, he 
must, for the best results, both from his own point of 
view and from that of the service, work to a consider- 
able extent with the naval operating personnel. 

That is not always the easiest of matters. Individual 
contacts are useful, and they have already been widely 
extended with happy results, but they can hardly be 
continuous; and it is difficult for any individual to 
gather, from personal observation and from individual 
inquiries, a full knowledge of the problems either of 
aviation with the fleet at sea, or of air-lines ashore. The 
dissemination of information about those problems must 
be systematized, and there are several channels through 
which that is done. A specification, as already remarked, 
represents an attempt to boil down the collective views 
of the service and make them available for consumption 
by the individuals concerned. The reverse process, that 
of expounding to the group of engineers the ideas of the 
individual concerned with operation, is most easily at- 
tacked through meetings, such as the meetings of the 
Society. If such gatherings are to attain their widest 
usefulness, the thoughtful pilot and maintenance official 
of the Navy, Army, air-mail or commercial lines should 
set forth before us and discuss with us the lessons that 
he has culled and the conclusion that he has studied out 
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of years.of regular use of the equipment, with the design 
and construction of which so many of you are intimately 
concerned. 

In that respect, the engineering society is a vehicle of 
cooperation between men working in distinct but closely 
allied fields. That is true, again, in its relation to re- 
search, for obviously the results of generalized research 
work, generally applicable, cannot be circulated by word 
of mouth from the worker in the laboratory to the de- 
signer who makes final use of the product. Scientific 
publication of the result by the National Advisory Com- 
mittee for Aeronautics, or some kindred scientific agency, 
is the first channel of this communication. Beyond that, 
there is a distinct function for such meetings as those 
of the Society in treating of the applications of labora- 
tory work to engineering, and in filling in, through 


direct contact and collective discussion, the twilight zone © 


between the research worker and the practical designer, 
in which so often there is danger that the work of one 
may fall unused by the other because of lack of a basis 
of common understanding. The engineering-society 
meeting helps to establish the overlap between the work 
of the laboratory and that of the drafting-room, even as 
between that of the designer and the operator. Speak- 
ing now, not as a member of long standing in the Society, 
but as one who is able to look for the time being on 
aeronautical engineering simply as a vehicle for the 
securing of the best types of naval aircraft, it seems to 
me that the greatest service that the technical sessions 
of the Society have to perform is not in a discussion of 
the problems of engine design or of aerodynamics, among 
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men already thoroughly versed in these problems, im- 
portant though that is, but in the clearing up of the 
borderland between the different fields of activity and 
in the stimulation of cooperation and meeting on com- 
mon ground of all concerned in the theoretical study, the 
design, the construction or the use of aircraft. 

Common advantages to all is sure to result from such 
a meeting. There are many here who remember the 
early days of that great industry to which the Society 
is so intimately attached, when an automobile was a 
horseless carriage and the failure of one vehicle was a 
reflection on the whole tribe in the eyes of a public that 
established no fine shades of discrimination. The air- 
plane stands in the same situation today. A setback to 
any one aeronautical enterprise is going to hurt all the 
rest in the court of public opinion, and the success of 
each is in the interest of all. Speaking from a specifi- 
cally naval point of view, the more clearly the usefulness 
of aircraft in naval warfare and in coast defense is 
demonstrated, and the broader the scope of such use- 
fulness becomes, the larger will be the number of air- 
craft that we shall need and the larger the sums that 
we shall be justified in allocating to aeronautical ends, 
It is in the interest of everyone who has any concern 
with aircraft that he should establish himself more and 
more firmly in an increasingly important place in the 
services and in commerce, and that we should all pull to- 
gether toward the development of better, surer, safer 
airplanes and airships, and of the best possible method 
of operating them wheresoever there is service for them 
to enter. 





MOTORCOACH TIRE-MILEAGE CONTRACTS 


N the last year the attitude of tire manufacturers has 

undergone several rather radical changes in policies. 
During the latter part of 1925, tire manufacturers refused 
to enter into a contract to furnish motorcoach tires on a 
mileage basis. They felt and endeavored to convince the 
operators that contracts of this type were unfair to the 
operator as well as to the manufacturer. Efforts to secure 
tire-mileage contracts during the latter part of 1925 and the 
first few months of 1926 were in general unsuccessful. 

A break in this attitude of the tire companies seemed to be 
apparent in the spring of 1926, after rubber prices became 
more reasonable and stable, and a number of propositions for 
furnishing tires on a mileage contract basis were submitted 
in various parts of the Country. In one instance out of a 
total of 16 quotations submitted, 6 were based on mileage, 
the prices ranging down from 4 cents per motorcoach-mile. 

In considering tire-mileage contracts, a number of condi- 
tions must be taken into consideration. Some companies 
prefer to have the tire contractor purchase tires that come 
as original equipment on the motorcoaches, and from that 
time forward maintain and replace tires as it becomes neces- 
sary, make all necessary repairs and render road service 


as may be required. In other instances, the company is to 
furnish and repair the tires as it becomes necessary. Tire 
contracts have been written in which the tire company 
agrees to make repairs on tires that have already been on 
the motorcoaches, until such time as they must be replaced. 
A number of minor conditions can be written into the tire- 
mileage contracts as they are needed, due to local conditions 
existing in different parts of the Country. 

In the last few months a large number of tire-mileage 
contracts have been entered into. The desire on the part 
of tire companies at the present time to handle their product 
through a mileage contract seems to be greater. 

Stabilizing the tire cost to the operator through a mileage 
contract appeals to many operators, as it removes from 
motorcoach operating cost a factor that may amount to con- 
siderable money if not closely watched. The prices that 
have been quoted on late contracts are more reasonable and 
are such as would seem to be lower than any company could 
possibly arrive at by buying tires in the open market, and 
making its own repairs.—From a report of the Bus Opera- 
tion Committee of American Electric Railway Transporta- 
tion and Traffic Association. 


MEASURING SURFACE FINISH BY REFLECTED LIGHT 


to dispense with the milliammeter and introduce a very 
sensitive relay, as shown in the diagram, that in turn 
may operate an electrically controlled switchboard to 
take care of currents of unusually high value. 

This instrument, shown in perspective in Fig. 3 and in 
top view in Fig. 4, is not expensive; in fact, it can be 
built for from $100 to $150, and the results‘ obtained 


(Concluded from p. 482) 


from it have been well worth the expenditure. We have 
not heard of experiments in this direction being con- 
ducted by any other industrial establishment, but if any 
have been we should like to exchange information on the 
results of our experiments and tests. I believe, and am 
optimistic enough to assert, that this principle can be 
used to advantage in many branches of industry. 
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ETTER value, more quality and more moderate price 

every few months is the thing that has made the Amer- 
ican automotive industry forge well into the lead of all man- 
ufacturing fields in the last 2 years. A few years ago it 
was the third and proud of it. Then, before we knew it, 
“second” was its proud boast. Now it is the accepted leader 
of manufacturers in quantity and in value of products. 
In moderate price of its products compare it with any other 
industry you know. It has no peer in this. 

Perhaps in no other industry has engineering played so 
important a part. The day of automotive inventions is not 
passed. But the basic patents upon which the conventional 
cars are built are well in the background. Many of them 
have run out their time. 

The great inventiveness now is constant improvement that 
will better the operation and service of the car. Many of 
these things might be patented, but the great makers are 
not so worried over patenting new things as they are in 
adopting known improvements that may or may not be pat- 
entable. 

The great engineering society of the automobile industry 
is the Society of Automotive Engineers. This organization 
has a number of regional sections, each of which has its 
series of monthly meetings, when new developments are dis- 
cussed. Great leaders in the engineering world travel thou- 
sands of miles each year to address these study meetings. 
They get no pay. If they can inspire other men to work at 
the things they deal with, some new advancement may be 
worked out. That will result in better cars; cars that cost 
less, wear better and give more comfort and satisfaction. 
These men are professionals. They know they will advance 
faster if others also advance and build better cars or minor 
parts of cars which can be adopted. Makers adopt any 
minor improvements that cost them large sums in royalties 
paid either directly or to parts suppliers who have some new 
patented devices that will help. 

The management of the great companies desires its engi- 
neers to go out among other engineers and study and dis- 
cuss. They know that only men who are actively striving 


to better their work can succeed in this highly competitive 
field. The management also listens to its engineers. The 
banker or so-called Wall Street control is less in this indus- 
try than in any other. The engineers and the skilled pro- 
duction men are looked upon as very important leaders. 
They sit in the council of the management. Their words 
are powerful; often, final. 

In no other line can the products be proved by the owners 
so rapidly. A new car comes out and in a few months many 
thousands are in the hands of owners. Sometimes as high 
as 20,000 or 40,000 of such new models are sold the first 
year. If the car is good, if it performs and does what its 
builder says it will, it is made in 6 months. If it falls down, 


the car, and often the builder, is dead in an even shorter 
time. 


CHANGES IN MANUFACTURING PROCESSES AND 
MACHINERY 


In many manufacturing fields the processes and the ma- 
chinery have been completely revolutionized in the last 3 
years. More thought and more effort and money is going 
into this part of the manufacturing. The machine room of 
the plant is now advancing fully as rapidly as the engineer- 
ing laboratory and its output. 

With such trends evident in every part of the automobile 
industry another legitimate desire for greater quantity is 
evident. And how the mass workers have gone at plant and 
equipment renewal in the last few years! Practically every 
important factory has been revised to the point where the 
old production man would not know it. 

Operations that were laborious are now done swiftly, with 
vastly more precision than ever was thought possible. The 
parts made under the new plans work better and smoother 
and last longer than the old. Even if the car has not been 
changed greatly in design, it is practically a new car in 
many cases because of this great advance in manufacturing 
precision. Thanks again to the blessing of quantity produc- 
tion that the automobile builders have used to improve. their 
products.—Cincinnati Enquirer. 





EDUCATIONAL BASES 


ROM the point of view of training the mind, of giving 

that well-informed impersonal outlook which constitutes 
culture in the good sense of this much-abused word, it seems 
to be generally held indisputable that a literary education is 
‘superior to one based on science. Even the warmest advo- 
cates of science are apt to rest their claims on the contention 
that culture ought to be sacrificed to utility. Those men of 
science who respect culture, when they associate with men 
learned in the classics, are apt to admit, not merely politely, 
but sincerely, a certain inferiority on their side, compensated 
doubtless by the services that science renders to humanity, 
but none the less real. And so long as this attitude exists 
among men of science, it tends to verify itself; the intrin- 


sically valuable ‘aspects of science tend to be sacrificed to 
the merely useful and little attempt is made to ‘preserve 
that leisurely, systematic survey by which the finer quality 
of mind is formed and nourished. 

But even if there be, in present fact, any such inferiority 
as is supposed in the educational value of science, this is, I 
believe, not the fault of science itself, but the fault of the 
spirit in which science is taught. If its full possibilities were 
realized by those who teach it, I believe that its capacity of 
producing those habits of mind which constitute the highest 
mental excellence would be at least as great as that of litera- 


ture, and more particularly of Greek and Latin.—Bertrand 
Russell. 





EXPORT 


NALYSIS of our foreign trade in the last fiscal year 
shows the growing importance of manufactures. Com- 
pared with the preceding year exports of manufactured 
goods increased 16 per cent and were 60 per cent greater 
than 4 years ago. As against the average of the 5 years 
preceding the war they were three times as large. As in the 
last year exports of agricultural products fell off 12% per 
cent, our trade figures would have looked bad but for manu- 
factures. They actually took up so much of the slack that 
the total decline was only 2% per cent. 
The Director of the Bureau of Foreign and Domestic Com- 
merce calls attention to the fact that the European demand 


for meat, wool and grain from Argentina has been increas- 
ing steadily. As a direct result of this Argentina was en- 
abled to purchase $30,000,000 worth of automobiles from 
the United States. We know that wherever the purchasing 
power is increased the standard of living rises and more 
goods are sold. A fair inference is that as Europe recovers 
and sells more abroad the effect will be to broader the de- 
mand for certain of our manufactured goods. Still further, a 
prosperous Europe will be an important market for many of 
our manufactured goods. Our business outlook should con- 


stantly improve as conditions there get better.—Wall Street 
Journal. 
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Applicants 
Qualified 


The following applicants have qualified for admission to 
the Society between Sept. 10 and Oct. 9, 1926. The 
various grades of membership are indicated by (M) Mem- 
ber; (A) Associate Member; (J) Junior; (Aff) Affiliate 
(S M) Service Member; (F M) Foreign Member 








BavuBIE, Rex O. (J) General Motors Corporation Research Labo- 
ratories, Detroit; (mail) 2918 Gray Avenue. 


BeckEeR, WALTER C. (A) assistant superintendent of utility de- 
partment, Chicago Surface Lines, Chicago; (mail) 6025 South 
Spaulding Avenue. 


BEHRENS, WILLIAM (J) draftsman, Buda Co., Harvey, Iil.; (mail) 
41 East 156th Street. 


SELYANTCHIKOFF, P. M. (F M) professor of mechanical engineer- 
ing, Agricultural Academy of Timiryazeff, Moscow, Russia 
professor of mechanical engineering, All-Russian Union of 
Agricultural Cooperative Societies, Moscow, Russia: (mail) 
clo S. Arons, Selskosojus, Inc., 90 West Street, New York City. 


BENFORD, FRANK (M) physicist, illuminating engineering labora- 
tory, General Electric Co., 1 River Road, Schenectady, N. Y 


BERRY, JAMES CUTHBERT (A) proprietor, J. C. Berry, Portland 
Street Garage, Barrowford, Lancashire, England; (mail) 
Oakroyd, Gisburn Road. 


BLEECKER, JOHN S. (M) transportation engineer, Day & Zimmer- 
mann, Inec., 1600 Walnut Street, Philadelphia. 


BoELTER, LLEWELLYN (M) assistant professor of experimental en- 
gineering, University of California, Berkeley, Cal.; (mail) 
2638 Fulton Street. 


BrRooME, CLIFFORD E (A) development engineer, William Gan- 
show Co., 1001 West Washington Boulevard, Chicago. 


Brown, LEE R. (A) chief designer. Monroe Calculating Machine 
Co., Inc., 555 Mitchell Street, Orange, N. J. 

BurRNsIpDE, H. D. (A) factory manager, Clark Tructractor Co., 
Battle Creek, Mich. 


COLVIN, CHARLES H. (M) president and general manager, Pioneer 
Instrument Co., Inc., 754 Lexington Avenue, Brooklyn, N. Y. 


CurrtieR, Howarp S. (M) Studebaker Corporation of America, 
Detroit; (mail) 4523 Lincoln Avenue. 


DAVIDSON, WILLIAM JOSEPH (M) engineering executive, General 
Motors Corporation, General Motors Building, Detroit. 


Fox, FREDERICK STRACHAN (A) consulting engineer, 147 Foleshill 
Road, Coventry, Warwickshire, England. 


Gipson, ArcHiE R. M. (J) service manager, Greer College of Au- 
tomotive Engineering, 2024 South Wabash Avenue, Chicago 
7 


GILBERT, CARLTON GereorGE (A) Room 308 Basso Building, 338 


Woodward Avenue, Detroit. 


GoLLerR, G. O. (M) body engineer, engineering department, Fisher 
Body Co., Detroit; (mail) 2222 Field Avenue. 


GRAICHEN, RALPH R. (M) aeronautical engineer, Ford Motor Co., 
Dearborn, Mich.; (mail) 32 Blackstone Apartments. 


GusTAFSON, ALFRED N. (M) chief engineer, Schramm, Inc., West 
Chester, Pa.; (mail) 205 Wollerton Street. 


HapLey, FRANK (J) draftsman, International Motor Co., Long 
Island City, N. Y.; (mail) 5612 134th Street, Flushing, N. Y. 


HANNI, HERMAN (M) general manager, Scintilla Magneto Co., 
Inc., Sidney, N. Y.; (mail) P. O. Box No. 723. 


HatcH, CHARLES B. (A) manager of department of passenger 
transportation, Mack-International Motor Truck Corporation, 
42nd Street and Woodland Avenue, Philadelphia. 


Havin, JoHn F. (A) appraiser and adjuster, 101 Milk Street, 
Boston. 


HEINZELMAN, ALPHONSE A. (A) supervisor of motor vehicles, 
News Syndicate Co., Inc., New York City; (mail) 614 Wash- 
ington Street. 
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Hewitt, AsHLEY C. (M) rail car engineer, International Motor 
Co., New York City; (mail) 127 East 21st Street. 


Horn, G. B. (M) chief engineer, Dudlo Mfg. Corporation, PF 
Wayne, Ind. ; wis 


HuFrFr, SAMUEL W. (J) experimental engineer, Lycoming Mfg. Co 
Williamsport, Pa. > 


HUTCHISON, ARTHUR E. (A) service engineer, Simplex Piston ting 
Co., Cleveland; (mail) 372 Monroe Street, Brooklyn, N. Y. 


LAPSLEY, RosperT (M) chief engineer, Detroit Gear & Machine Co. 
Detroit; (mail) 1129 Wayburn Avenue 


LARSEN, Harotp E. (A) master mechanic, Northland Transporta- 
tion Co., Minneapolis; (mail) Minneapolis Athletic Club. 


LEDERER, JEROME (J) aeronautical engineer, repair and main- 
tenance depot, Air Mail Service, Maywood, Ill. 


LIND, WILLIAM (A) preparing for overseas parts service, General 
Motors Export Co., 224 West 57th Street, New York City. 


LoTT, EGBERT P. (M) manager of operations, National Air Trans- 
port, Inc., Chicago; (mail) 6436 Grand Avenue, Kansas City, 
Mo. 


MACNEIL, CHARLES I. (J) P. P. L. Co., Anewalt Buildir 
town, Pa. 


g, Allen- 


MALIVERT, JULES 
Appareils J. 
Gambetta. 


UGEN (F M) technical director, Societe des 


ivert, Paris, France; (mail) 43 Avenue 


a 


EuG!I 
EK. 


MANNING, WILLIAM HEWSON (J) engineering division, Oakland 
Motor Car Co., Pontiac, Mich.; (mail) P. O. Box No. 245, 


MARTINEK, ALOIS Louis (M) electrical engineer, engineering de- 
partment, Ford Motor Co., Dearborn, Mich.; (mail) 5020 Ivan- 
hoe Avenue, Detroit. 


MAXIM, ERNEST L. (M) treasurer, Maxim Motor Co., 170 Ware- 
ham Street, Middleboro, Mass. 


McDONALD, Howarp P. (A) superintendent of automotive equip- 
ment, East St. Louis & Suburban Railway Co., East St. Louis, 
Ill.; (mail) 4511 Harris Avenue, St. Louis, Mo. 


McLeEes, RoBerT (M) assistant to general manager and production 
engineer, Edward G. Budd Mfg. Co., Detroit; (mail) 2900 
Manistique Avenue. 


McMAHON, HERBERT A (A) production engineer, engine works 
department, Oil Well Supply Co., Oil City, Pa.; (mail) 804 
Colbert Avenue. 


MULCHAY, CHARLES T. (A) machinist, 3ethlehem Shipbuilding 
Co., San Pedro, Cal.; (mail) 1133 14th Street. 


<EMIG, PHILIP W., Jr. (A) engineer, manufacturer’s service divi- 
sion, Vacuum Oil Co., New York City; (mail) 269 18th Street, 
Brooklyn, N. Y. 


ROBERTS, HARRY FRANK (J) production clerk, Ford Motor Co., High- 
land Park; Detroit; (mail) 386 East Breckenridge Avenue, 
Ferndale, Mich. 


ROBERTS, WILLIAM HuLL (A) assistant service manager, Nash 
Buffalo Corporation, Buffalo (mail) 102 Dewey Avenue 


Rosy, W. 


G. (A) assistant general manager, Cinch Mfg. Corpora- 
tion, 23 


35 West Van Buren Street, Chicago 


t0LFING, R. C. (M) works manager, Hart-Parr Co., Charles City, 
Iowa; (mail) 305 West Clark Street. 
, 


RuBsAM, C. F. (A) president, Rubsam Corporation, Jackson, Mich. 


SCHALLER, J. L. (J) secretary and treasurer, Mendota Mfg. & 
Transfer Co., Mendota, III. 


SCHLARMANN, THEODORE H. (A) technical salesman, Pressure Proof 
Piston Ring Co., Boston; (mail) 423 Stockbridge Avenue, 
Buffalo. 


SHAY, BENJAMIN M. (A) branch manager, G. A. Schacht Motor 
Truck Co., 400 New Street, Newark, N. J. 

SMARTT, JOHN (A) manager, J. C. Berry, Portland Street Garage, 
Barrowford, Lancashire, England; (mail) 15 Langholme Street, 
Nelson, Lancashire, England. 


SmitH, Harry G. (M) superintendent, repair depot, Air Mail Ser- 
vice, Maywood, Ill. 


Sticu, GrorGce I. (A) president, Aero Supply Mfg. Co., College Point, 
: ae ¢ 

Stover, P. A. (M) president and general manager, Stover Signal 
Engineering Co., 1 South Main Street, Racine, Wis. 


WESTPHAL, WALTER R. (J) student, 1405 East 43rd Street, Cleve- 
land. 





WHITTELSEY, CHARLES BARNEY, JR. (J) assistant to general man- 
ager, Society of Automotive Engineers, Inc., 29 West 39th 
Street, New York City. 
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Applicants 
for 
Membership 





The applications for membership received between Sept. 
15 and Oct. 15, 1926, are given below. The members 
of the Society are urged to send any pertinent informa- 
tion with regard to those listed which the Council should 
have for consideration prior to their election. It is re- 
quested that such communications from members be sent 
promptly. 


ABEYDEERA, A., automobile engineer, Rowlands Garage, Colombo, 
Ceylon. 


ADAMS, R. H., Jr., Calhoun Drive, Greenwich, Conn. 


ALTMAN, Pror. P., department of aeronautics, University of Detroit, 
Detroit. 


BAKER, ARTHUR HAROLD, transport maintenance superintendent, 
Lago Petroleum Corporation, Maracaibo, Venezuela. 


Bax, L. DRew, manager and owner, L. D. Bax Mfg. Co., Detroit. 


BEEGLE, F. M., sales engineer and production manager, Cleveland 
Varnish Co., Cleveland. 


BERNHARD, EDWARD W., manager, automotive equipment division, 
L. H. Gilmer Co., Tacony, Philadelphia. 


BERTHOLD, GEORGE H. E., engineer, Rajah Co., Bloomfield, N. J. 


BOTHELL, GEORGE, service superintendent, Mack-International Motor 
Truck Corporation, Seattle, Wash. 


BRANDERS, HANS ALEC, mechanical engineer, Borga Boatbuilding 
Co., Borga, Finland. 


BRENEMAN, G. S., vice-president and general manager, Wichita 
Falls Motor Co., Wichita Falls, Tez. 


BRILL, HERBERT C., draftsman, Locke & Co., Rochester, N. Y. 


BRUKNER, C. J., manufacturer and engineer, Advance Aircraft Co 
Troy, Ohio. 


BrRuUsSCHI, RAMBALDO, engineer, Officine di Villar Perosa, Turin, 
Italy. 


BuRN, GILBERT A., supervisor of motor laboratory, Tide Water Oil 
Co., Bayonne, N. J. 


BUSHKIN, WILLIAM H., field service representative, Chrysler Sales 
Corporation, Detroit. 


CaPITA, EmMIL R., engineer, Lepel Ignition Corporation, New York 
City 


CHAMPION, Lieut. C. C., Jr., bureau of aeronautics, Navy Depart- 
ment, City of Washington. 


CHESTELSON, ARTHUR G., draftsman, Graham Bros., Detroit. 


CLARIDGE, GEORGE CHARLES, service manager, Vauxhall Motors, Ltd., 
division of General Motors Export Co., New York City. 


CooK, REGINALD F., tester, Rolls-Royce of America, Inc., Spring- 
field, Mass. 


Coxe, JAMES R., acting general superintendent of transportation, 
Consolidated Gas Co. of New York, New York City. 


CRAMER, WILLIAM H., manager, Cramer Flying Service, Clarion, Pa. 
DockrErRAY, G. A., manager, Eagle Radiator Mfg. Co., Los Angeles. 


ERICKSON, HAROLD ADOLPH, gasoline engineer, third district, Mis- 
sissippi River Commission, War Department, Vicksburg, Miss. 


Ferree, Louis S., service manager, Turnbull Bros., Farragut, Iowa. 


FREEMAN, SPENCER, consulting automotive engineer, Putney, Lon- 
don S. W. 15, England. 
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GEITZ, PERRY B., manager, automotive equipment department, 
Johns-Manville, Inc., Cleveland. 


GoBBATO, UGo, mechanical engineer, Fiat Automobili, Torino, Italy. 


GREEN, FREDERICK L., member of training course, Olds Motor 
Works, Lansing, Mich. 


GREEN, Pau. C., superintendent, Hub City Iron Works, Aberdeen, 
S. D. 


GROVER, Ross D., draftsman, Republic Motor Truck Co., Alma, Mich. 


») 


HALL, Victor E., automotive electrician and ignition specialist, 
Elliott Engineering Co., Binghamton, N. Y. 


HETHERINGTON, T. G., wing commander, Royal Air Force Ail 
Attache, British Embassy, City of Washington. 


HILGENBERG, R. J., bumper engineer, Bossert Corporation, Syracuse, 
| Pee 


Hoopes, CHARLES R., president, Hoopes Bros. & Darlington, Inc., 
West Chester, Pa. 


HorNE, ARCHIE J., student, sales department, Norton Co., Worcester, 
Mass. 


Hoyt, Hazen L., JR., consulting mechanical engineer, 366 Madison 
Avenue, New York City. 


HUGHES, ADRIAN, JR., superintendent of bus transportation, United 
Railways & Electric Co., Baitimore, Md. 


Kauozi, A. S., garage. proprietor, Lake Shore Boulevard Garage, 
Cleveland. 
KASSON, RUTGERS S., sales engineer, White Motor Co., Cleveland. 


KENNY, T. H., superintendent of equipment, Calumet Motor Coach 
Co., Hammond, Ind. 


KINGSBURY, FRED, automobile editor, Cleveland Plain Dealer, 
Cleveland. 


LEVI, GASTONE, mechanical engineer, Scripps Motor Co., Detroit. 


LEWTON, Ross E., mechanical engineer, Studebaker Corporation of 
America, Detroit. 


LIVINGSTON, F. J., service manager, Lycoming Mfg. Co., Williams- 
port, Pa. 


LOMBARDO, P. C., draftsman, Hupp Motor Car Corporation, Detroit. 


McCLELLAND, J. HAMPTON, salesman, C. G. Spring & Bumper Co., 
Detroit. 


McCoy, Epwarp E., president, Rees Mfg. Co., Pittsburgh. 
May?.arpD, W. A., national sales department, White Co., Cleveland. 


MIDDLEWORTH, HENRY V., superintendent of transportation, Con- 
solidated Gas Co. of New York, New York City. 


MONTGOMERY, SIDNEY, automotive service department, J. G. Brill 
Co., Philadelphia. 


MurRRAY, S. E., superintendent of garages, City of Boston, Boston. 


NENNINGER, L. F., engineer, Cincinnati Milling Machine Co., 
Cincinnati. 


NICHOLLS, ERNEST R., 375 Ward Street, Wallingford, Conn. 


PETRE, A. PRESTON, experimental engineer, American Hammered 
Piston Ring Co., Baltimore, Md. 


PIERCE, SAMUEL §S., engineer, East Williston, N. Y. 


PLIMMER, ALFRED G.; production engineer, National Carbon Co., 
Inc., Cleveland. 


RICHTER, Dr. ING. LUDWIG, mechanical engineer and assistant to 
technical director, Oest. Automobil-Fabriks, A. G., vorm. 
Austro Fiat, Vienna XXI, Austria. 


Riess, P. R., factory representative, service division, Reo Motor 
Car Co., Lansing, Mich. 


ROSEWARNE, P. V., chemist in charge of oil laboratory, Canadian 
Department of Mines, Ottawa, Ont., Canada. 


ROUGHLEY, H. W., quality manager, Wright Aeronautical Corpora- 
tion, Paterson, N. J. 


RuuHwF, C. T., assistant factory manager, Mack plant, International 
Motor Co., Allentown, Pa. 


Russ, CHARLES A., assistant manager, mechanical merchandise 
department, United States Rubber Co., New York City. 


RUTTEN, CAPT. PauL G., Ninth Motor Transport Company, Army, 
Presidio, San Francisco. 


SARGENT, FreD L., sales manager, White Co., San Francisco. 























































































Sawyer, Davip P., sales manager, 


Christensen Air Brake Co., 
Cleveland; sales manager, 


Duroseal Corporation, Cleveland. 


Sawyer, Georce J., supervisor of standards, Cleveland Tractor Co., 
Cleveland. 


SCHLEGEL, Epwarp J., instructor in mechanical drawing, Bradley 
Polytechnic Institute, Peoria, Ill. 

SMITH, ALFRED C., body engineer and general manager, Harvard 
Auto Body Co., Inc., New York City. 


SMITH, MANNING J., owner, Manning J. Smith Belting Co., German- 
town, Philadelphia. 


Spruce, E. P., production superintendent, Gotfredson Corporation, 
Ltd., Walkerville, Ont., Canada. 

STURGBON, GORDON M., garage foreman, Peninsula Rapid Transit 
Co., Burlingame, Cal. 

Super, RALPH K., experimental 


engineer, General Motors Proving 
Ground, Milford, Mich. 
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TEA, CLARK A., 


research engineer, Detroit Steel 
Detroit. 


Products Co., 


TIERSCH, WALTER, tool designer, 


Ahrens-Fox Fire 
Cincinnati. 


Engine Co., 


TITTERINGTON, Morris M., vice-president and chief engineer, 
Pioneer Instrument Co., Inc., Brooklyn, N. Y. 
WAGNER, SANFORD M., 


inspector, Ethyl Gasoline 
York City. 


Corporation, New 
WALTON, KENNETH B., Haverford, Pa. 


WaRD, Ear. F., pilot, Air Mail Field, Cleveland. 
WEAVER, MAJOR WALTER R., 


Middletown Air Intermediate 
Middletown,. Pa. 


Depot, 


WILLING, A. M., assistant service manager, General Motors Export 
Co., New York City. 


WINES, F. B., chief engineer, Wilcox Trux, Inc., Minneapolis. 
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